$ 2.00 


r W\j — 


JUNE 1979 


diode noise source 32 

the digiscope 50 

talking digital readout 58 

packet radio 64 

biquad bandpass filter 70 

two-kriowatt dummy load 74 







magazine 


linear amplifier 

considerations 







f 



1 null 

" HTYT 

mwm 


|jfc 

r j.iiiliilJ 

























Henry Radio is proud to 
offer the most important 

innovation in Amalour Radio 

since SSB 
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Historically, Amateur Radio operators have 
made Important contributions to the art and 
science of communications. Once again 
Amateur Radio assumes leadership In advanced 
communications technology. You have the 
privilege of being one of the first to include a 
Narrow Band Voice Modulation (NBVM) system 
In your station. The VBC Model 3000 is the 
system that you have been hearing about for a 
year and have read about recently In QST and 
the 1979 ARRL Handbook. It Is the world's first 
such system. 

The VBC Model 3000 provides full audio level compression 
and expansion,,, complete intelligibility in only 1300 Hz 
bandwidth. It permits you to take full advantage of other 
stations' RF speech clippers and processors... similar to the 
amplitude compression and expansion used for many 
years in telephone and satellite communications 
The Model 3000 is for mobile and fixed station use and 
requires no modifications to your existing equipment. It is 
completely self contained, including its own audio 
amplifier. The unit automatically switches into transmit 
mode when microphone is keyed or voice operation is 
used. It connects just after the microphone on transmit and 
just prior to the speaker on receive. In addition to its basic 
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function of operating in a narrow bandwidth, the Model 
3000 also increases the performance of your station in the 
following ways: 

* Reduces adjacent channel interference 

* Increases signal to noise ratio 

* Increases communications range 

Some of its outstanding features include: 

* High quality narrow band speech 

* Self contained transmit/receive adapter 

* Built in audio amplifier 

* 5 active filters with a total of 52 poles 

* Rugged dependable hybrid 1C technology 

* Low power consumption 

Receive only features, such as sharp voice and CW filtering 
and amplitude expansion, provide improved reception 
without requiring a unit at the transmitting station. 

For the more advanced experimenter the Model 3000 is 
available in a circuit board configuration for building into 
your present transceiver, 

Henry Radio is ready to offer technical assistance and 
advice on the use and servicing of the Model 3000 and will 
help introduce new owners to others operating NBVM 
units. Get in on the ground floor., order yours now 
Price: VBC Model 3000 $349.00 

Circuit board configuration $275.00 
For more detailed information please call or write. The 
Model 3000 will be available from most Tempo dealers 
throughout the U S, and abroad. 


11240 W Olympic Blvd , Los Angeles, Calif 90064 213/477-6701 




931 N Euclid. Anaheim. Cahl 92801 
Butler, Missouri 64730 


714 / 772-9200 

816/679-3127 
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DSI Super Meter 


Transistor Tester 


VOM 


Diode Protected • Fused • Gold Plated Selector Switch 




Me»ur«men1 Rsngro 

Accuracy 

DCV ' 

0-.IV-,5V-2.5V- 
10V - 50V - 250V - 1000V 

± 3% ts 

ACV 

0 - 10V - 50V - 250V - 
1000V 30H2 to 30kHz 

± 4% fs 

DCA 

0 - 50irA - 2.5ma - 25ma 
- *25A 

± 3% Is 

n ' 

2 id 20mn 

Range x 1 x lOx Ikx 10k 

t 3% arc 

dB 

+ 10db“+22dbfor 10VAC 

± 4% fs 

ICEO 

0- tSOpA x Ik 0- 15ma 
xIO 0 * iSOfri x t 

i 3% arc 

1= - 

HFE 

o iooo <a> x io — 

In 

± 3% arc 

■_JL.--C.-T3. - 1 


DC VOLTAGE 
DC CURRENT 
AC VOLTAGE 
fi RESISTANCE 
AF OUTPUT - DB 
20kU PER VOLT 
HFE DC AMP FACTOR 
(CEO LEAKAGE 


MODEL 
YF-370 

COMPARATIVE VALUE 


YF-370.*29.95 

Shipping, Handling and Ins. .. *3.00 


Every YF-370 is factory assembled, tested, and 
includes diode protected meter movement with 
a fused input and an extra fuse. The switch assem¬ 
bly has double wiping gold plated contacts to 
assure years of trouble-free service. At this low 
price buy two.,.one for the car and one for the shop. 


VISA' 




(800-542-6253) 


{800- 854-2049) 


TERMS: MC - VISA - AE - Check - MO — COD in US Funds. 
Orders outside of USA & Canada, p feast? add $5.00 additional to cover 
air shipment. California residents add 6% Sates Tax 

DSI INSTRUMENTS, INC. 

7924 Ronson Road, Dept. G, San Diego, CA 92111 











MFJ ENTERPRISES INC 1079 


NEW MFJ-962 1.5 KW Versa Tuner III 

For $159.95 you can run up to 1.5 KW PEP and match everything from 
1.8 thru 30 MHz: coax, balanced line, random wire. Buitt-in balun. SWR, 
dual range forward and reflected power meter. Flexible six position an- 
tenna switch. Outstanding value. 

Tuner with SWR, duel rangm 
forward and ref lac tad power 
meter, antenna switch and haiun 



for only , 


’159 




The NEW MFJ 96Z 1.5 KW Vena Tuner i Jets 

you run up to 1.5 KW PEP and match any feed 
line continuously from 18 to 30 MHz coax, 
balanced line or random wire. 

This gives yeu maximum power transfer to 
your antenna lor solid OSD's and attenuates har 
monies to reduce TVI and out oi hand emission 
Art accurate meter gives SWR, forward, ret led 
ed power in 2 ranges (2000 and ?00 watts) 

A flexible six position antenna switch lets you 
select 2 coax lines thru tuner or direct, or ran 


durn wire and balanced line 

A new all metal, low profile cabinet gives you 
RFI protection, rigid construction, and sleek styling 
Slack finish Black front panel has reverse letter 
mg 5x14x14 inches A flip down wire stand tilts 
tuner lor easy viewing 

Efficient, encapsulated 4:1 ferrite balun. 500 

pf, 6000 volt capacitors. 12 position inductor 
Ceramic rotary switch 2% meter 

Built-in quality. Every single unit is tested for 
pert orman ce and ms pec ted for quality. Solid 


American cons hue bon, quality components 0r>e 
year limited warranty 

For your nearest MFJ dealer, call toll tree 
800 647 1 800 Stop by your dealer Compare it 
feature for feature with other tuners Compare its 
value, its Quality and its performance 
After i truly side by side companion, you'll 
he convinced that its value, quality and features 
make il a truly outstanding value 

Why not visit your dealer today? if no dealer 
is available order direct from MFJ 


MFJ-961 1.5 KW VERSA TUNER III has Mm, Six 
balanced line, random wire, from 1.8 to 30 MHz. 


Matches coax, 



6 position antenna switch lets 
you select 2 coax Unem thru tuner 
or direct, or random wire and 
balanced line . 
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TI» MFJ-961 1.5 KW Vena Tuner ■ gives you 
a flexible six position antenna switch. 11 lets you 
select 2 coax lines thru tuner or direct, or ran 
dom wire and balanced line 
Run 1.5 KW PEP. Match any feed line from 1 0 
to 30 MHz: coax, balanced line, random wire 
Gives maximum power transfer. Harmonic at 
ten nation reduces TVI. oul ol band emissions 


Black all metal cabinet. Black front panel has 
reverse lettering Flip down wire stand tilts tuner 
5xT 4x1 4 inches 

Encapsulated 4:1 ferrite balun. 500 pi, 6000 

volt capacitors, 12 position inductor, ceramic 
switches SO 239s. ceramic feedthrus, One year 
limited warranty 

Every tingle unit is tested fur performance and 


inspected lor quality Solid Amencan construction, 
quality components 

For your nearest MFJ deafer, call loll free 
800 64? 1800. Vrsit your dealer and compare 
You'll find real value 

Why not let the NEW MFJ 961 1,5 KW Versa 
Tuner ilia! your dealer's today? If no deafer is 
available order direct from MFJ 


CALL TOLL-FREE 800-647-1800 


Order any product from MFJ and try it. If not delighted, return within 30 days tor a prompt refund (less shipping). 

Order today. Money back if not delighted. One year limited warranty. Add $6.00 shipping/handling. 

For technical Information, order/repair status, In Mississippi, outside continental USA, call 601-323-5869. 

Order By Mall or Call TOLL FREE 800-647-1800 and Charge It On 

MFJ ENTERPRISES, INC. MISSISSIPPI STATE, MISSISSIPPI 39762 
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a second look 

=£1 by Jim Fisk 


Beginning with a small handful of amateur wireless operators in the early 1900s, the Amateur Radio popula¬ 
tion in the United States has grown to the point where it's now approaching 360,000. Last year the growth rate 
was about 8 per cent, down slightly from 1977, and this year it is expected to be about the same. And while 
orderly growth is healthy for the hobby, in many ways the Amateur Radio Service is like the proverbial "house 
that Jack built," with rooms added as they are required, with little thought to future construction — or indeed, 
to the esthetics of the architecture! 

If you study the history of Amateur Radio, it's easy to understand why this happened: for years there were 
more licensed Amateur Radio stations in this country than all the other radio services combined, many top 
members of the FCC were hams, and the management ranks of most major radio-electronics firms were filled 
with licensed amateurs — many, in fact, began their careers as Radio Amateurs. With influential friends in high 
places who had a vested interest in Amateur Radio, most operators gave little thought to the future. The com¬ 
plexion of Amateur Radio has changed over the years, however, and it's obvious that we can no longer afford 
such a laissez faire attitude toward our future. 

One matter that concerns many of the older hams is that in the past 25 years the character of Amateur Radio 
has evolved slowly away from being a technician's hobby, where much of the operating equipment was 
homebuilt, to an operator's hobby, where little or no technical expertise is required. This is not necessarily a 
problem because our activities are closely linked not only to a rapidly changing technology, but to a dynamic 
society that continually confronts Amateur Radio with new obstacles, challenges, and opportunities for pro¬ 
viding useful public service. Nevertheless, more thought must be given to the impact of this trend on the long 
range future of Amateur Radio. 

With a steadily increasing number of amateurs and greater government intervention in terms of changed 
licensing regulations, restrictive antenna covenants, and RFI requirements (not to mention WARC 79 and the 
proposed revision of the Communications Act), it's increasingly apparent that all of us must give some serious 
thought to where the Amateur Radio Service should be in the coming decade. While long-range planning is 
hardly an exact science, it is possible to anticipate some of the problems, to perceive certain distant opportuni¬ 
ties, and to develop appropriate recommendations. If we put our collective heads together, we should be able 
to plot a positive future course for Amateur Radio — rather than drifting out of control as we have for the past 
few years, reacting to external events as they have occurred. Positive results, however, will require a substantial 
amount of effort on a continuing basis by a large number of concerned amateurs. Complaining about the cur¬ 
rent state of affairs or railing about the "system" in the press is neither positive nor constructive. 

Those of you who have read my editorials for the past eleven years know that I have pointedly avoided the 
politics of Amateur Radio. Therefore, when I suggest that a possible focus for future planning activities is the 
ARRL's Long-Range Planning Committee, you know that suggestion is not politically motivated. For those of 
you who are not members of the ARRL, the Long-Range Planning Committee was established by the ARRL 
Directors in January for the purpose of "reviewing and making recommendations concerning programs which 
the ARRL is and should be providing to its members and to the Amateur Radio Service ..." 

At its initial meeting in February the members of the committee, according to one of those present, agreed 
upon several criteria which would govern the committee's activities: 

1. The general welfare of the entire Amateur Radio Service was to be served, not just parts of it. 

2. No fact of the ARRL's operation was exempt from scrutiny. 

3. A subject as complex and far reaching as the future of Amateur Radio cannot be properly appraised 

without inputs from many different people — ARRL members or not. 

If you have any comments or recommendations about the future of Amateur Radio, make it a point to let the 
Long Range Planning Committee (LRPC) have the benefit of your thoughts. A letter or card to Vic Clark, 
W4KFC (12927 Popes Head Road, Clifton, Virginia 22024), marked for the attention of the LRPC, will be acknowl¬ 
edged, and Vic will make sure that your comments are available to each of the members of the committee. 

Jim Fisk, W1HR 
editor-in-chief 
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When you look inside the purchase price of a 
new radio, go all the way to the bottom; and 
ask about the warranty coverage of the solid 
state finals. Surprisingly, most amateur radio 
manufacturers leave their final amplifiers less 
than fully guaranteed, which can get you caught 
with your finals down Just when you’re expect¬ 
ing to be protected from repair costs on your 
brand new rig. 

When you look into an ICOM radio, you see our 
quality and our confidence throughout That's 
why ICOM radios are covered from front to 
finals during the entire new purchase warranty 
period. We're confident that an IlCOM radio is 
simply the best value available for your Amateur 
Radio dollar, and we back it up with the final 
warranty. 


So, when you look into the purchase of a new 
radio, look dose for true value look close for 
quality and confidence And as you approach 
the final choice, ask your dealer about the final 
warranty. He’ll tell you that when you choose 
ICOm, you're covered. 



All ICOm radios sigm,ric#ntly «acted TCC regulations limiting spumous 
Specificshom subject to change without notice 


HFSYMFJtmF AMATEUR AMD KARINE COWHUNtCATK>M EOUIPVEMT 
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ICOM WEST. INC 
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longhand printed- 
circuit layout 

Dear HR: 

The article, "Printed-Circuit Layout 
Using the Longhand Method," 
which appeared in the November, 
1978, issue of ham radio was 
especially interesting to me because 
I have been using the described tech¬ 
nique for the past two years. How¬ 
ever, the additional steps which I 
use will produce a better board and 
are desirable with high-density 
boards. First, lines on the paper pat¬ 
tern which represent the copper 
should be made red and the circuit 
components should be shown black. 
This makes reading and interpreta¬ 
tion easier. Second, when the pattern 
is transferred to the copper foil sur¬ 
face by marking with a sharp point, 
the points should not be deep enough 
to produce burrs (burrs tear the pen 
point and eventually make it difficult 
to produce a clean fine line). Third, 
after the points are on the copper 
those which are connected should 
be joined by a pencil line. This is 
important on a high-density board 
because it permits inking the lines 
rapidly and the pen point does not 
have time to dry. Lines produced with 
a dry point must be retraced; a 
smeared line is nearly always the 
result. 

Maximum ground-plane area is a 
requirement for rf circuits, especially 
for vhf circuits. Filling in all the blank 
area with a pen is tedious and it's 
difficult to make the area completely 
resistant to the etch solution. Tape 
can be used but covering small ir¬ 


regular areas is difficult. I find that an 
easy method is to outline the ground 
plane area first with the pen, then 
fill in all the enclosed area with the 
blue dye used by tool makers and 
machinists. I have tried many inks 
and paints for this step, and the blue 
machinists dye is superior to all 
others. It is easy to apply with a small 
brush and dries rapidly. The board 
may be etched minutes after applica¬ 
tion. A coat which appears too thin 
will resist the etchant even at ele¬ 
vated temperature. The ink wets the 
copper surface and flows easily but 
stops when it contacts the previously 
applied line. 

The machinists dye is also useful 
for producing plug patterns on cir¬ 
cuit boards. Coat a 1-cm (Va-inch) 
strip at the board edge and use a 
sharp point or jeweler's screwdriver 
to remove the ink from areas be¬ 
tween the contacts. Use an old plug, 
placed against the board edge, for a 
pattern. It is easy to produce 22-con¬ 
tact plug patterns with this method. 

I have used two types of the blue 
dye. One is called Dykem Steel Blue 
and is a product of Dyken Corpora¬ 
tion of St. Louis, Missouri. Another is 
called Mike-O-Blue and is sold by 
Ashburn Industries of Houston, 
Texas. A four-ounce can is adequate 
for many boards. 

This "longhand" method will pro¬ 
duce high-quality circuit boards 
which have clean lines and ground- 
plane areas without pit marks com¬ 
monly found on boards which have 
been prepared by other methods. 
Boards with 3-mil copper foil can be 
etched in less than ten minutes in a 
50 per cent etch solution (ferric 
chloride) heated by placing it in a 
tray or plastic dish floated in hot 
water. Use only enough etch solution 
to cover the board about 1 cm (Vi 
inch) and agitate during etching to 



provide a washing action. In addition, 
the copper surface can be seen dur¬ 
ing the process so the board may be 
removed when completed. 

I have tried many types of ink pens 
and find that the Sharpie brand is 
best; their number 49 has the best 
point. Store the pen with the point 
down, this aids in keeping a generous 
supply of ink in the point and is al¬ 
ways ready to use. 

During the past years I have spent 
many hours trying to find an easy 
method for producing "longhand" 
etched circuit boards and have con¬ 
cluded that the technique described 
in ham radio, along with the addi¬ 
tions indicated above, is the best. 

Robert J. Grabowski, W5TKP 
Houston, Texas 77005 

Dear HR: 

During a literature search for an 
electronics project I recently went 
through my file of ham radio — and 
was distracted for three evenings 
reading the fine articles in three years 
of issues! Yours is by far the highest 
quality journal of all those devoted to 
Amateur Radio; please don't com¬ 
promise that quality. 

Guy Rothwell, KH6JCD 
Kailua, Hawaii 

Dear HR: 

I just breadboarded the CW pro¬ 
cessor described by Jones in the 
October, 1978, issue of ham radio . 
It's really sharp! However, the 555 os¬ 
cillator interacts with the operation of 
the 576>. To cure this problem. I've 
installed a 100-ohm resistor between 
the 5-volt line and pin 8 of the 555, 
and a 220-^F capacitor between pin 8 
and ground. It makes a real im¬ 
provement. 

Jeff Davis, VE3CBJ 
Grimsby, Ontario 
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(Good April 15, 1979 through June 15, 1979) 


□ TS-820S / $50.00 Rebate 

□ R-820 / $50.00 Rebate 

□ TL-922A / $50.00 Rebate 


□ TS-700SP / $35.00 Rebate 

□ TR-7600 / $20.00 Rebate 

□ RM-76 / $20.00 Rebate 


□ IR-300 / $20.00 Rebate 


Get a "GREAT REBATE" Coupon at your nearest Authorized Kenwood Dealer. 


ALA BA MA 
Lmg'i Electronics 
2600 7lh Avenue Soulh 
Birmingham 35233 

ALASKA 

Reliable Electronic* 

Poal Office Bo* 4 3017 
Anchorage 09500 

Arizona 

C-tjmmunkillIftfi■ 

60rz Mono 27th av enoa 
Ph^em* 65017 

CALIFORNIA 
Him Radio Oul 1*1 

999 Howard Avenue 
Burtingem* 04010 

Hem Radio OuHel 

13754 Victory Boulevard 
Van Nuya 91401 

Hava Radio Out 1*1 

2030 W* 5 t La P»kh* 
Anaheim 92001 

Ham Rad to Outlet 
5375 XtatTty Villa Road 

5*n DiefrO 92123 

Henry Radio Company 

931 North Euclid 
Anaheim 92801 

S Weal Olympic Blvd 
Loa Angela* 90004 

Webster Red la 

2602 £etl Aehian 
Froir* 03726 

COLORADO 
CW Electronics 
1401 Bisk© Si reel 

Denver80202 

FLORIDA 

Amateur Electronic Supply 

62 1 Common wealth 
OrliTTi'i-j 32803 

Amateur Radio center 
?B05 hort heart Second A ve 
Miami 33137 

Orica Electronic* 

320 F**t Gregory sir e*t 
PeniatOla 32501 

HAWAII 

Lafayette Electronic* 

mi Mr c Lilly Streai 
Honolulu 35814 


Honolulu Electronic* 

010 Kaeaumaku Streel 
Honolulu 88814 

IDAHO 

Rea* Distributing Company 
78 South StAta Si mat 
Preston 83263 

ILLINOIS 

Erfckadn Communication* 
5456 worth Milwaukee Ave 

Chicago B083D 

Ktaua Radio 

8400 Worth Pioneer Parkway 
P*orla 61614 

INDIANA 

Graham Electronic* 

133 South Pennsylvania 
Indianapolis 46240 

Howler Electron lea 
48-8 Meadow* Shopping! Cir 
Terre Haul* 47602 

Kryder Electronic* 

2610 Maple Road 
FI wayn* 46615 

IOWA 

HI, incorporated 
iflOl Avenue "D* 

Council 8MH 5I5D1 


KANSAS 

Aieutrl at atT Radio 

8012 Conwr 
Overland Park 66204 


MAINE 

Crete Radio Company 
Route One Bypat* South 
Krilery 03904 

MARYLAND 

Electronic international 
11305 Elkin Strep i 
Wheaton 20902 
Professional Elect ionic* 
1710 Joan Avenue 
Baltimore 21234 

MASSACHUSETTS 
Tuft a Electronic a 
208 Mystic Avenue 
Medford 02155 


MINNESOTA 
£|*pIronic Center 
127 Third Avenue North 
Minneapolis 55401 

MISSOURI 
Mam Radio Center 

8342 Olive Boulevard 
St Louie 63132 

Henry Radio Company 
211 North Main Streel 
Burial 64730 
Mldcwn E lac I ronic a 

2506 Souih Brentwood Hivd 
St LOu it B3144 

MONTANA 
Conley Radio Canter 
31H North 101ft Streal 
Billingi 59101 

NEBRASKA 

LOmmumcsiioni ^#niar 

443 North 48th street 
Lincoln 66504 

NEW MEXICO 
Haclroalc Module 

601 North Turner 
Hobbs 68240 

NEW YORK 

Adirondack Radio Supply 
165 Weil Main Siraal 

Am stardom 12012 

Hantaan Radio 

20 Smith Street 
Farmlngdale, L .1 11735 

NORTH CAROLINA 

deft'* Amateur Radio Canter 

316 N M»m Stropi 
Salisbury 26144 


Vktm 

500 East Main Street 
Durham 28801 

OHIO 

Amateur Elec ironic Supply 
26040 Euclid Avenue 
Wick 1 1 tie 44062 

Sropco Electronic a 
314 Lad Street 
Dayton 46404 

OKLAHOMA 
Garrick I lac ironic* 

7i* Weal Kanoma 
Broken Arrow 74012 

Radio. Incorporated 

1000 South Mem 
Tulsa 74110 

OREGON 
Fort land Radio 

1234 &W Siam Sheet 
Portland 97205 

PENNSYLVANIA 
Electronic Exchange 
136 Main Shoe I 
Souderton 16964 
Ham Ironic* 

4033 Brownsville Road 
Treves* 19047 

JfiS Ofalrlbulor* 

646 Wait Market Street 
York 17404 


SOUTH DAKOTA 
Burghardl Amateur Center 

124 First Avenue NW 
Waleriown 57201 

TENNESSEE 

Ameiaur Radio Sup. of Hash* III* 

615 Oenalin Rued 
Madison 37115 


i486 Welts Station Road 
Memphis 38106 


TEXAS 

AGL Electronic* 

3068 For**t Lane #309 
Oaua* 7523* 

Doug la* Elect rank* 

1111 South Staple* 
Corpus Christ! 78404 
Electronic* Canter 
2929 North Haskell 
Delias 7 5204 

Madison Electronics 
1508 McKinney Avenue 
Houston 77002 


UTAH 

MemriM Supply Company 

2700 South Mam Street 
Salt lake City 64115 


WASHINGTON 
ABC Communication* 
17550 15th Avenue NE 
Seattle 96155 


SOUTH CAROLINA 
Acculek 

420 Lauren* Road 
Greenville 29S07 

G. 1.3. HO. Communication* 

2305 Chewy Road 
ROCA HIM 29730 


Amateur Radio Supply Company 

8213 13th Avenue South 
Saai tie 08106 

WISCONSIN 

Amateur Electronic Supply 
4628 Went Fon du Lee 
Milwaukee 53216 


A* of June 1079. only the above are fully auihonred Tno Kenwood dealer* 



MICHIGAN 

Radio Supply And Eng- 
65 Selden Avenue 
Detroit 46201 


TRIO-KENWOOD COMMUNICATIONS INC. 

1111 WEST WALNUT/COMPTON, CA 90220 
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ST, VINCENT 1 S VQLCANIC ERUFT 1 ON in the middle of April essentially destroyed convert 
tional communications throughout the Caribbean island as it left over 15,000 homeless. 
Amateur Radio immediately filled the breach, beginning when VF2s SQ, SHE, $A2, SR* and 
others set up a communications center at police headquarters, Other Amateurs operating 
from police stations and relief centers throughout the island have since provided almost 
all communications for the hard hit nation. 

Island Premier Milton Cato relayed a message to Miami Coast Guard via KV4FZ requesting 
help which was immediately forthcoming with three helicopter-equipped Coast Guard cutters, 
the Gallatin , Vigllent » and Dallas » Herb also requested an emergency OK for third-party 
traffic from the FCC and State Department — it was forthcoming in only 1% hours? Follow¬ 
ing the OK, 7152 (daytime), 3802 (night), 14287 (health and welfare via KA2CPA) and 14313 
were alL busy with emergency traffic. 

Coast Guard And Military , along with the Amateurs, all used the Amateur bands for essen¬ 
tia FlJoninun^ on the Gallatin , while the other cutters (without licensed 

Amateurs) were using their Coast Guard identTfication. C-130 transports from the Canal 

Zone, bringing in relief supplies, communicated principally on 40 meters. 

Amateur Bands also supplied inter-island communications. 8P6AA and 8P6AH have a link 
operating between the embassy in Barbados and St. Vincent police headquarters, handling 
all the relief traffic with that near-by country, 

RECENT 27-MHZ EXPANSION PROPOSALS could actually threaten the Amateur LG-meter band as 
the Washington scene appears to be shaping up. Both the CB Magazine proposal for adding 
5SB CB channels (RM-3299) and the Washington State CB Radfo Association's Petition for a 
new hobby class "Amateur** allocation below 28 MHz (RM-3317) are reported receiving very 
heavy positive response, almost entirely from CBers, CB organizations and (assumedly) 
those already active in the 27405-28000 kHz spectrum. The comments* almost without ex¬ 
cept ion. endorse the merits of more flexible* higher power, longer range communications, 
and often cite a basic* no-code Amateur license as part of the package. 

The Number Of Respondents and their enthusiasm seem to have caught the Commission's 
attention, from staff level up, Japan's experience, where very elementary Amateur li¬ 
censes have spawned an Amateur population about twice that of the United States* and 
the experiences of some other nations such as Russia which also have entry level licenses 
are aLso being looked at closely. 

The Real Threat to the present integrity of 10 meters thus lies in the Washington 
State petition. Onder present internatlonal allocations, the frequencies they want for 
a new "Amateur" service are not Amateur, and it's inconceivable that the FCC would opt 
to make such an allocation on the eve of a World Administrative Radio Conference, ( CB 
Magazine 's proposed CB expansion would* on the other hand* be legitimate now.) The prob¬ 
lem ^"with the Washington State proposal is that it could, without too much stretching, 
lead into a domestic restructuring of 10-meter Amateur use with a rapid influx of new 
"Amateurs" from 27-MHz S5B ranks. 

Nothing Of This Mature is likely to happen in the immediate future due to the immin- 
ence of Id ARC and the current state of the FCC — still in the throes of reorganization. 

What does seem likely is a new and very hard look at the domestic Amateur service after 
WARC from a new "consumer oriented" FCC with little knowledge of or concern for tradi¬ 
tional Amateur Radio values, 

BOTH RUSSIAN SATELLITES may be off the air for good. UA3CR is reported to have told 
G3IQR in an April conversation — "Both transponders will not be on again! 11 Telemetry 
on RS-i*s weak beacon has been indicating battery trouble. 

Simult aneous Mode A And Mode J operation will be offered by OSCAR 8 on Tuesdays and 
Fridays* effective June 1, Wednesdays will continue to be Experiment Days, primarily 
Mode J. 

PETITIONS TO RECONSIDER MARITIME mobile’s proposed 220 MMs allocation in the U.S. 

WARC position have been denied by the FCC. The petitions, filed by the 220 MHz Spectrum 
Management Association of Southern California and seven individuals, were denied by the 
Commission on the grounds that the WARC position was the result of four years of exten¬ 
sive consideration of the needs and problems of all the services concerned. 

Amateurs Received Hard Knocks in Reply Comments filed by the National Radio Astronomy 
Observatory and the Naval Research Laboratory on the proposed Virginia-West Virginia 
"quiet zone" (FCC Docket 78-352). In their very substantial filing the government repre¬ 
sentatives strongly took the League to task for leading the Amateur community astray into 
a "party line" response. Words like "propaganda," "fiction," and "parrot-like* 1 abound in 
the government's lengthy rebuttal. While acknowledging Amateur Radio has some value, the 
generally critical document was almost contemptuous in its dismissal of the efforts of 
those concerned Amateurs who made the effort to make their feelings known, 

THE LONG AWAITED U.S.-HAITI reciprocal agreement was signed April 2 by Haiti, and now 
awaits State Department action. 
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Novice, QRP„ 200 w, deluxe — good, better, best — 
$299, $369, $399, $699, $869, $899, $1069. TEN-TEC 
has them all. A choice of seven HF transceiver models — a 
choice of power levels ~ a choice of operating features (and 
accessories) for beginner or old timer. Best of all, there's a wide 
choice of prices to fit every amateur budget. 

TEN-TEC "OMNI” TRANSCEIVERS - REALLY CHOICE* 

Top of the line. Deluxe in every respect. Deserving of a place in 
the finest of operating positions. All solid-state 100% duty cycle 
200 watt final amp.; 8-bands (160 10 m plus convertible 10 MHz 
and “Aux" band positions); broadband design for no tune-up; 
built-in VOX and PTT; built-in Squelch; 4 position CW SSB filter 
and 8-pole crystal filter with separate mode switch to permit using 
all filters in ail modes; 2-speed break-in; 2-range offset tuning, 
optimized sensitivity from 2 fxV on 160 m to 0,3 mV on 10 m. 
greater dynamic range (typically better than 90 dB] plus PIN 
diode switched 18 dB attenuator; WWV at 10 MHz; front panel 
control of linear/antenna bandswitching; phone patch lacks; 
‘timed" crystal calibrator (on “A" model only); zero-beat switch. 
SWR bridge; adjustable ALC and sidetone; dual speakers, plug-in 
boards; “clamshell aluminum case with black vinyl covering plus 
warm dark metal front panel; full shielding, optimum size for 
convenient operation: 5&"h x 14V r w x 14“d, Model 545 
OMNI-A with analog dial, only $899; Model 546 OMNJ-D with 
six 0 43" LED digital readouts, $1069. Model 645 keyer, $85, 
Model 243 Remote VFO. $139, Model 248 Noise Blanker. $49, 
Model 252MO AC Power Supply, $119* 

TEN-TEC "ARGONAUT" TRANSCEIVER—QRP CHOICE. 

The challenge and excitement of working the world on 5 watts. 
And every feature you need: all solid-state; 5 bands (80-10 m); 
full amateur band coverage SSB/CW; sensitivity less than 0,5 
pV; offset tuning; 4 pole IF crystal filter, 2.5 kHz bandwidth; 
analog dial; vernier tuning; automatic sideband selection: built-in 
speaker; 5 watt input lo broadband push-pull final amplifier; 
PTT; full CW break-in; adjustable sidetone volume and pitch; 
built-in SWR bridge; TV1 filter; plug-in boards; small and light 
weight enough to go anywhere (4^Ti x 13'w x7 r d and 6 lbs,). 
World beating price, too: Model 509 only $369; Mode! 210 AC 
Power Supply just $34. 


TEN-TEC 540/544 TRANSCEIVERS-POWER CHOICE, 

200 watts from the bottom of 80 m to the top of 10 m — SSB or 
CW, No compromise from the leader in solid-state HF technol¬ 
ogy. Instant band change without tune-up; sensitivity 0.3 pA/; 
offset tuning; 8-pole crystal-lattice filter; WWV at 10 & 15 MHz; 
push pull solid-state final amp.; 100% duty cycle; adjustable ALC 
with LED indicator; built-in SWR bridge; PTT; full CW break-in; 
adjustable sidetone pitch and vol., zero beat switch in Model 544. 
Choose the value leading Model 540 with analog dial and built-in 
25 kHz pulsed calibrator for just $699 or the Model 544 with six 
Q.43 w LED digital readouts for $869. Model 240 160M converter, 
$110; Model 262M AC Power Supply with VOX, $145; Model 
252M AC supply only, $ 119, 

TEN-TEC CW TRANSCEIVERS— BUDGET CHOICE* 

The “Century 21" series. Unique. Modern technology with 
old-fashioned value. Fine performance, reliability, and simplicity 
of opera bon. all at low cost. Win raves from novices and 
confirmed brass pounders alike All solid-state; 5 bands (80 10 
m) full amateur band coverage; receive CW and SSB, transmit 
CW, sensitivity 1 mV or less; offset tuning; 3-position selectivity 
(2.5 kHz. 1 kHz, 500 Hz); 70 w input to push-pull Class C final 
amp.; broadbanded for no tune-up or resonating; full break-in; 
adjustable side-tone level; built-in AC power supply Choose 
Model 570 with analog dial for only $299; Model 574 has a 5 
LED digital readouts for only $399. 

The choice is all yours when you choose TEN-TEC HF 
transceivers; see your nearest dealer or write for full details. 
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The age of tone control has come to 
Amateur Radio. What better way to utilize 
our ever diminishing resource of fre¬ 
quency spectrum? Sub-audible tone 
control allows several repeaters to share 
the same channel with minimal geo¬ 
graphic separation. It allows protection 
from intermod and interference for 
repeaters, remote base stations, and 
autopatches. It even allows silent moni¬ 
toring of our crowded simplex channels. 


We make the most reliable and complete 
line of tone products available. All are 
totally immune to RF. use plug-in, field 
replaceable, frequency determining 
elements for low cost and the most 
accurate and stable frequency control 
possible. Our impeccable 1 day delivery 
is unmatched in the industry and you are 
protected by a full 1 year warranty when 
our products are returned to the factory 
for repair. Isn't it time for you to get into 
the New Age of tone control? 














































TS-1 Suh Audible Encoder Decoder - Microminiature in 
size 1 25 .m 2 0 x .65 * Encodes and decodes simultaneously * 
$59.95 complete with K-1 element 

T5-1JR Sub-Audible Encoder-Decoder * Microminiature 
version of the TS-1 measuring |ust 10 x 1 25 x 65 for hand¬ 
held units * $79.95 complete with K-1 element 

ME-3 Sub-Audible Encoder * Microminiature in size 
measures 45 k 11 x 5 * instant start up • $29,95 complete 
with K-1 element 

TE-8 Eight-Tone Sub-Audible Encoder * Measures 2 6 x 
; .Q * 1 * Fequency selection made by either a pull to ground 
or to supply * $69.95 with 8 K-1 elements 
PE-2 Iwo lone Sequential Encoder inr paging * Iwo call 
unit • Measures! 2b <20 x 65 * $49 95with2K-2elemerUs. 


SD-1 Two-Tone Sequential Decoder * Frequency range is 
268 5-2109 4 Hz * Measures 12 xlG7 x 65 * Momentary 
output for horn relay, latched output for call Eight and receiver 
muting built-in • $59.95 with 2K7 elements 

TE-12 rwelve-Tone Sub-Audible or Burst-Tone Encoder * 
Frequency range is 67 0 - 263 0 Hz sub-audjbie or 1650 -1200 Hz 
burst-tone ■ Measures 4 25 x 2 5 x 1 5 * $79,95 wjth 
12 K-t elements 


ST-1 Burst-lone Encoder • Measures 95 x 5 x 5 plus 
K-1 measurements * frequency range is 1650-4200 Hz * 
$29.95 with K-1 element 




COMMUNfCA T/ODIS SPECIALISTS "* 

426 West Taft Avenue. Orange, CA 92667 
*800) 854-0547 California residents use i714> 99S-3021 








































design considerations 


for 

linear amplifiers 


The first of several 
articles on practical 
construction techniques 
for hf power amplifiers 


I So you want to build a linear amplifier! So do many 
other Radio Amateurs. Without doubt, the most 
popular piece of home-built transmitting equipment 
(aside from small circuit board projects) is the high 
frequency linear amplifier. It can be built without 
having an advanced degree in solid-state technology 
and computer analysis. 

Recent FCC decisions, moreover, have made a lin¬ 
ear amplifier homebrew project more inviting to 
Amateurs, particularly those interested in 10-meter 
operation. For a period of time, in the early spring 
of 1978, it was nearly impossible to buy an off-the- 
shelf, commercial linear amplifier; most manufactur¬ 
ers had stopped production in view of the drastic 
redesign requirements imposed by the new FCC 
rules. Home-const rue ted amplifiers, happily, are 
exempt from the FCC straitjacket. And, more and 
more, Amateurs are discovering the fun of building 
their own amplifiers. It's not as hard as you might 
think! There's still fun in building and adjusting 
equipment, and the high-frequency linear amplifier 

By William I. Orr, W6SA1, 48 Campbell Lane, 
Menlo Park, California 94025 
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described in this series of articles is a good project for 
the home builder, whether you're an old timer or 
newly licensed Amateur. 

what to build 

The builder of a linear amplifier undoubtedly has 
many questions that must be answerd before he can 
pick up a soldering iron or drill; what tubes to use, 
what plate voltage, drive level, harmonic suppres¬ 
sion, TV I prevention, cooling, and packaging? 

At this stage of the game, even the stoutest of 
hearts may falter. But cheer up, the overall problem 
is not complex if the project is approached on a 
workmanlike basis. The purpose of these articles is to 
provide a blueprint that will guide the builder through 
the design, construction, and checkout of a modern 
linear amplifier capable of operating on all Amateur 
frequencies between 3.5 MHz and 29.7 MHz. This 
first article covers design, selection of tubes and 
components, formulas that make the job easier, and 
practical construction considerations. A later article 
will cover the metal-work, assembly, and testing in 
detail. 

Before you jump into the project, bending metal 
and soldering wires, you should know that there 
exists a vast amount of literature covering the design 
and construction of linear amplifiers. It would be 
foolish to ignore this storehouse of accumulated 
knowledge. At the end of this article is a list of sug¬ 
gested reading material, and you can learn a lot by 
observing what has happened in this interesting field 
of radio design. Since this series of articles cannot 
possibly cover every detail of building a linear ampli¬ 
fier, you can pick up a lot of very useful extra infor¬ 
mation if you scan some of the suggested reading 
material, 

preliminary design 

The first choice you will have to make concerns 
the tube (or tubes) to be used, the operating volt¬ 
ages, and the means of cooling the tubes so that 
their operating temperature will remain within the 
limits imposed by the manufacturer. 

A word of warning is advisable on the subject of 
surplus or second-hand transmitting tubes. Large 
power tubes have a finite shelf life. The perfect 
vacuum has not yet been created, and old tubes (sur¬ 
plus World War II vintage in particular) are not to be 
trusted — they may have an imperfect vacuum. Sur¬ 
plus tubes marked JAN (which stand for Joint-Army- 
Navy procurement), such as JAN-813 or JAN-211, 
provide no warranty to the user, since the tubes are 
purchased by the military on a special contract with 


PARASITIC 

SUPPRESSOR 


-» 


HIGH-MU 

TRIODE 


INPUT O 



OUTPUT 
PI- L NETWORK 


<— 


J L vv~\ *_rv-y-w 

IV LZ 1 L3 


.001 


\RFCZ 





hh 

.ooi m 


RFC3 


GRID 


|—— 
/-)y METER 

FILAMENT 

TRANSFORMER 


o-(^3)h i 
-?— 


FILAMENT 

METER 

PLATE 

METER 


A 


"H(~n 

ooi /77 


B- B + 


fot 


AIR 

BLOWER 


DANGER 
HIGH VOLTAGE 



-O OUTPUT 


IZO VAC 


fig. 1. Schematic diagram of a basic grounded-grid amplifier 
circuit. A high-mu triode tube is used with the exciting sig¬ 
nal applied to the filament circuit which has been isolated 
from the filament transformer and metering circuits by the 
rf choke, RFC1. A fixed-tuned pi-network circuit matches 
the output impedance of the exciter to the input impedance 
of the amplifier. A pi-L plate output circuit is used for maxi¬ 
mum harmonic suppression, with a simple parasitic sup¬ 
pressor placed in the plate lead to dampen vhf oscillations. 
For safety, the metering is placed in the filament return cir¬ 
cuit. The grid meter is inserted between the grid (ground) 
and the filament return, while the plate meter is in the B 
minus return lead to the power supply. The air blower is 
connected to the primary of the filament transformer. This 
circuit may be modified for two parallel-connected tubes by 
the addition of a second plate parasitic suppressor and 
increased air blower and filament transformer current 
capacity. Plate tank circuit components need not be modi¬ 
fied if the two tubes run at the same voltage and current as 
one tube. 


source inspection and no warranty return program. 
Thus, an Amateur who buys a JAN-labelled tube 
receives no warranty. New tubes purchased from a 
franchised dealer carry the manufacturer's full war¬ 
ranty. Dealers in surplus tubes, moreover, have no 
reliable facilities for testing transmitting tubes, which 
require a large, expensive, and exotic test console. 
Thus, the purchase of a surplus or second-hand tube 
may turn out to be penny wise and pound foolish. 

To determine the tube type to be used, it is impor¬ 
tant to note that the most popular ham-type linear 
amplifiers seen in the various station descriptions and 
advertisements are capable of running 1-kW input on 
CW and 2-kW PEP input on ssb. The amplifiers use 
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cathode-driven (grounded-grid) circuitry requiring a 
drive signal compatible with today's modern exciter 
(about 80 to 100 watts PEP output). A representative 
amplifier circuit is shown in fig. 1. 

Further investigation shows that the modern 
amplifier concept employs low-profile styling and is 
designed for desk-top operation next to the exciter. 
In some cases, the power supply is an external unit. 
In any case, the amplifier is capable of being controlled 


ate more intermodulation distortion than one tube, 
but this is not the case. Power tubes designed for ssb 
service do not have to be matched pairs, as do the 
inexpensive TV sweep tubes used in some linear 
amplifiers. 

Regardless of the tube or tubes chosen, grounded- 
grid triode operation implies class-B service (which 
you can find outlined in detail in the suggested litera¬ 
ture). An important characteristic of this class of 


table 1. Typical rf linear amplifier service, cathode-driven (grounded-grid) 




zero 

maximum 

maximum 

maximum 

typical 



signal 

signal 

signal 

signal 

power 


plate 

plate 

plate 

grid 

drive 

output 

tube 

voltage 

current 

current 

current 

power 

(PEP) 

(2) 3-500Z 

2500 

260 

800 

240 

80 

1200 

3000 

320 

667 

230 

60 

1250 

3-1000Z 

3000 

240 

670 

220 

65 

1250 

4-1000A 

3000 

90 

670 

270 

125 

1300 

8877 

3000 

130 

667 

55 

50 

1150 


Representative operating charactersitics of popular tubes suited for cathode-driven service. The 4-1000A 
is operated as a class-B triode with grid and screen tied together. It can be seen that in terms of efficiency 
there's not much difference between tube types. The 4-1000A requires the most drive power, the 8877 
the least. The differences in power output are insignificant and are within error of measurement. Power 
output is a function of plate circuit loading and grid drive causing the values to be approximate. 


by the external VOX or push-to-talk circuit of the 
exciter. And it can be operated either from 120- or 
240-volt primary service. 

power capability 

Given these general specifications, the next step is 
to determine what goes into the black box that is to 
become your new linear amplifier. If the linear ampli¬ 
fier is to run at 1-kW in the CW mode and 2-kW PEP 
in ssb service, the choice of tubes to be used nar¬ 
rows. And since cathode-driven (grounded-grid) 
service is contemplated, selection is restricted to a 
few tubes which have the ability to sustain this pow¬ 
er level with good linearity and low intermodulation 
distortion. Linear operation implies that the output 
signal is an exact replica of the input signal; low inter¬ 
modulation distortion means that unwanted, spuri¬ 
ous distortion signals are not generated in or near the 
signal frequency. When both of these criteria are 
met, the ssb signal is clean and no power is lost in 
furry sidebands or splatter. 

Table 1 shows some practical tubes for linear serv¬ 
ice and their operating characteristics. From an engi¬ 
neering point of view, there's not much choice 
between using a single large tube or two smaller 
tubes in parallel in the high-frequency region. Multi¬ 
ple tubes are thought to be less efficient and gener- 


service is that tube efficiency is at maximum 66 per 
cent and usually runs close to 60 per cent. Inherent 
tank circuit losses in the amplifier reduce this a bit, so 
that the plate power output of a representative 
class-B amplifier may run about 55 per cent. How¬ 
ever, in cathode-driven (grounded-grid) service, a 
portion of the driving power (feed-through power) 
appears in the plate output circuit and provides a 
measurable output efficiency of approximately 60 per 
cent for the stage. 

Now, if your maximum input power level is known, 
as well as plate efficiency, it is easy to determine the 
power output of the amplifier as well as the power 
dissipation of the tube (generally known as plate dis¬ 
sipation). 

If the 2-kW PEP power input condition is chosen 
and an overall amplifier efficiency of 60 per cent is 
assumed, the PEP output will be 

2000 x 0.60 = 1200 watts 

The remainder of the power (2000-1200 = 800 
watts) is consumed in plate dissipation and circuit 
losses. Tube plate dissipation at 60-per cent efficien¬ 
cy runs close to 800 watts. Circuit losses run from 50 
to 100 watts. These figures may add up to a little 
more than 800 watts of power loss, but a portion of 
this is accounted for by the plate dissipation attribu- 
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table to the feedthrough power previously 
mentioned. So, without doing anything more com¬ 
plicated than a little grade-school math, the general 
operating parameters of the amplifier have been 
determined. 

At the 1-kW CW condition, power input is 1000 
watts and tube efficiency remains close to 60 per 
cent, provided certain circuit precautions are taken 
(these will be discussed later). You can estimate the 


need any test equipment at all. All you do is weigh 
the amplifiers. Unless one of them has lead fishing 
weights in it, the heavier amplifier is the toughest and 
best!" 

There is more than a grain of truth in this remark. 
Attempting to cram a 2-kW PEP amplifier into a shoe 
box is a time consuming and complicated task, since 
the problem of getting rid of the heat caused by tube 
dissipation and circuit losses is a formidable one. 


fig. 2. A representative air cooling system for a ceramic-metal power tube, such as the 8877. A forced-air cooling system is 
shown in (A); the blower is mounted on the chassis which acts as a plenum chamber. With the chassis airtight, the air is forced 
past the tube socket, tube base, and out the anode. The chimney is used to direct the air through the finned anode. An electrical 
analogy of the cooling is shown in (B). The blower is represented by a generator and the various back pressures by the voltage 
drops across the series-connected resistors. Total back pressure is the sum of the resistances. Representative fan and blower 
performance is illustrated in (C). The blower efficiency drops as the back pressure is 
increased, while the fan fails to deliver air at any appreciable back pressure. The ability to 
overcome back pressure is proportional to the speed of rotation of the blower or fan, plus 
the physical design of the blades. An inefficient fan allows air to slip around the ends of the 
blades. It is difficult to determine a good blower or fan, as opposed to a poor one, by intui¬ 
tion. Graphs of blower and fan performance may be obtained from the manufacturers. 
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power output and tube and circuit losses yourself for 
this power level. 

Linear amplifiers and their power supplies have 
grown sleek and physically smaller in recent years. 
More efficient components are used and cooling 
techniques have improved, permitting the amplifier 
to be squeezed into a compact cabinet with high eye 
appeal. Some manufacturers and designers, how¬ 
ever, have cheated, by skimping on the power trans¬ 
former or by using an inadequate cooling system that 
allows the tubes to overheat during extended periods 
of operation. One old timer, when asked to judge the 
relative merits of two competitive, widely advertised 
linear amplifiers, replied, "That's easy! You don't 


Imagine a metal box the size of a 2-kW PEP linear 
amplifier with an 800-watt bulb burning inside of it! 
Or consider that a burner ori an electric stove may be 
only 600 watts. This will give you a picture of the 
amount of heat that has to be removed from a 2-kW 
PEP linear amplifier during operation to prevent it 
from burning up. 

The human voice, which is the usual modulating 
device in ham radio, luckily has a low average power 
level with quite high peak power. Thus, an amplifier 
designed for voice operation can have a power sup¬ 
ply designed for low average power, yet be capable 
of sustaining full peak power for a short time interval. 
Many manufacturers count on this low average voice 
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power and skimp on the power transformer in an 
effort to squeeze their amplifier into a small cabinet. 
But what happens if speech processing is used to 
raise the average voice level and the amplifier is oper¬ 
ated continuously during a DX contest? Or the ampli¬ 
fier is used for RTTY? The power transformer, ampli¬ 
fier, and tubes may not stand up under this added 
burden. Make sure your design is capable of tough, 
continuous operation. This is the least expensive 
approach for the long run. 

tube cooling 

Once the tube type has been chosen, the next item 
of business is to adequately cool the tube. The man¬ 
ufacturer's data sheet provides maximum tube tem¬ 
peratures and usually the amount of air required to 
do the job. What does this entail? An air cooling sys¬ 
tem is shown in fig. 2. It can be compared with a 
series electrical circuit, wherein the resistance to the 
flow of air created by the tube and accessories is 
equivalent to the opposition to current flow provided 
by resistors. The air resistance (back pressure) is 
equivalent to the voltage drop across the resistor, 
and the number of cubic feet of air per minute (cfm) 
required to overcome the back pressure can be com¬ 
pared with the voltage necessary to force current 
through the resistors. Back pressure is measured by 
a manometer and is expressed in terms of equivalent 
inches of water. Once back pressure and cfm are 
determined, the blower can be chosen that will force 
the required air through the system. 

Air requirements for some popu/ar transmitting 
tubes are listed in table 2. As an example, the 8877's 
maximum operating temperature is 250 degrees C. 
To hold this value, about 22 cfm are required to over¬ 
come a back pressure of 0.2 inch of water. This pro¬ 
vides an anode dissipation of 1000 watts, more than 
sufficient for ssb operation at the 2-kW PEP level. 
The full anode dissipation rating of 1500 watts can be 
achieved with an air flow of 35 cfm, but at the price 
of a higher back pressure value of 0.41 inch of water. 
In passing, it should be noted that axial fans do not 
like working into high values of back pressure, as fig. 
2C indicates. 

A single 3-500Z tube requires 13 cfm air flow at a 
back pressure of 0.08 inch of water per tube. For two 
tubes, the air flow requirement doubles to 26 cfm , 
but the back pressure remains the same. Generally 
speaking, air flow is easy to obtain, but back pres¬ 
sure ability is hard to come by in simple, inexpensive, 
and relatively noiseless blowers. Amateurs like blow¬ 
ers that don't make noise. Unfortunately, movement 
of air creates noise, and the higher the back pressure 
requirement the more air noise that will be created. 


(This limits the size of a practical, air-cooled, transmit¬ 
ting tube to about 50 kW, above which it would prob¬ 
ably require a Volkswagen engine to run the blower 
and would produce sufficient noise to drive the 
operator out of the station. Hence, the use of water 
or vapor cooling in the largest transmitting tubes.) 

choice of blower 

The most common air impellers are the centrifugal 
(squirrel cage) blower and the axial fan. The axial fan 


table 2. Representative cooling requirements for various 
power tubes. 


tube type 

cfm 

back 

pressure 

bfower 

diameter 

rpm 

3-500Z 

13 

0.08 

3 

1600 

(2) 3-500Z 

26 

0.083 

3 

3100 

3-1000Z 

25 

0.43 

3% 

3000 

8874 

8.6 

0.37 

2% 

3100 

8875 

2 

0.16 

4 

2800 

88771 

22.5 

0.20 

3 

3100 

Notes 1. For 1000 watts anode dissipation 

2. 1600 feet per minute from axial fan 

3. In EIMAC SK-410 socket w*th EIMAC SK-406 chimney 


4. Axia! fan or blower 

The listed values are given in cubic feet per minute and back pres¬ 
sure in inches of water. The impeller information is the centrifugal 
blower wheel diameter (inches) and motor speed in revolutions per 
minute. Low-speed blowers are attractive because they create less 
air noise, but they are unable to work into any appreciable amount 
of back pressure. As shown, these tubes, regardless of plate dissi¬ 
pation, require a blower speed of about 3000 rpm, except for the 
single 3-500Z. These data are for operation at sea level and the 
quantity of air should be increased about twenty per cent for oper¬ 
ation at high altitude (Denver, Colorado, for example). The cooling 
requirements can be verified only by making temperature meas¬ 
urements on the tube seals and the anode. Glass tubes, such as 
the 3-500Z, can be cooled from the side by an axial fan, but only 
after tests are made to ensure that the glass envelope temperature 
remains within specified limits. 


is the quieter of the two, but does not have the ability 
to work into a high level of back pressure. The ability 
of the squirrel cage blower to overcome back pres¬ 
sure is a function of the blower speed in rpm and the 
diameter of the wheel — the larger the diameter, the 
lower can be the rpm for a given amount of back 
pressure. Suggested blower specifications and fan 
information are included in the data for popular tube 
types. 

It must be remembered, too, that the hypothetical 
Amateur living at an altitude of 1600 meters (5000 
feet), in Denver, Colorado, for example, exists in a 
world of thinner air than that encountered at sea level 
and would have to increase the air requirements out- 
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lined in the illustration by about twenty per cent to 
achieve the same degree of cooling. 

amplifier enclosure 

Once the cooling requirements have been deter¬ 
mined, all that remains is to get the cooling air into 
and out of the amplifier box. Why enclose the ampli¬ 
fier? Aside from cooling requirements, today's elec¬ 
trical specifications require rf harmonic suppression 
of a high order. This means that the amplifier must 



indicating meters 

Several meters are required to properly tune and 
operate a linear amplifier. At the very least, grid and 
plate currents should be monitored, and it is conven¬ 
ient to be able to read filament voltage. The grid and 
plate currents can be read on one meter switched 
between the appropriate circuits, but the use of sep¬ 
arate meters is recommended for ease in tuning. All 
meters should be checked for accuracy before instal¬ 
lation in the amplifier. 

Placing the meters in the walls of the amplifier box 
is bad, since the rf energy can easily escape through 
the meter case and glass, invalidating the otherwise 
good shielding of the unit. It is wiser to place the 
meters on a separate front panel, with the amplifier 
box supported behind the meter panel. Meter leads 
are then brought out through appropriate filtering 
networks. 


fig. 3. Both input and output chokes of a grounded-grid 
amplifier can form a parasitic oscillator circuit. Usually the 
cathode choke, RFC1, has more inductance than the plate 
choke, RFC2, but stray capacitance between the plate choke 
and the enclosure can lower the resonant frequency of the 
plate parasitic circuit until an uncontrolled oscillation can 
occur. This unwanted oscillation can be cured by removing 
turns from the plate choke, moving the choke farther away 
from the metal walls, or by placing a resistor either in series 
or in parallel with the choke. Means for detecting such para- 
sitics are discussed in the text. 

be placed in an rf-tight box and that connections to 
the amplifier be carefully filtered to prevent unwant¬ 
ed harmonic energy from escaping and blocking out 
Joe Sixpack's television receiver next door. All 
amplifiers generate and amplify harmonics of the 
driving signal; the task is to keep them from harm's 
way. Proper filtering will do the job. 

Ventilation holes can be placed in an rf-tight box, 
provided they are properly screened. Wires can enter 
and leave the box provided they are properly filtered. 
A screened opening should be about twice the size of 
an unscreened opening to obtain the same air circu¬ 
lation, since the screening material represents nearly 
50 per cent coverage of the area. A series of many 
small holes drilled in the top and bottom of an enclos¬ 
ure will provide ventilation without letting any great 
amount of rf energy escape, provided the holes are 
small compared with the harmonic frequency. For 
high frequency work quarter-inch holes are satisfac¬ 
tory. More smaller holes will work, too. Copper wire 
screening can be placed over the blower opening if 
the mating surfaces between screen, blower, and 
chassis are free of paint so that electrical continuity 
exists between the various metals. 


parasitic suppression 

"You don't have to worn/ about shielding or neu¬ 
tralization. A grounded-grid amplifier just won't 
oscillate." Right? Wrong. A grounded grid amplifier 
makes a very good oscillator under certain con¬ 
ditions. 

Low-frequency parasitic oscillations. Any ampli¬ 
fier can oscillate in the low-frequency region 
(200-1500 kHz) by virtue of the interelectrode capaci¬ 
tances of the tube forming some resonant circuit 
with either the input or plate rf chokes (fig. 3). A sure 
cure for this problem is to change the type of choke, 
or else place a resistance iri series or in parallel with 
the choke to inhibit oscillation. In the designs dis¬ 
cussed here, the inductance of the input choke is 
very low compared with that of the plate choke, so 
that oscillation is improbable. 

A low-frequency parasite can often be heard in a 
nearby broadcast receiver as an unsteady carrier or a 
rough buzz. Or, it can be found when the amplifier is 
operated with plate voltage (but no excitation) and 
the controls tuned at random. A small neon lamp is 
held near the plate lead. If a parasite is present the 
bulb will ignite with a bright yellow glow. The bulb 
should be held at the end of a dry wooden stick, as 
dangerously high voltage is present and exposed 
when the amplifier is operated with the cabinet 
shielding removed. 

Vhf parasitic oscillations . Vhf parasites are creat¬ 
ed by resonant circuits formed by connecting leads 
and interelectrode capacitances of the tube (fig. 4). 
They can be suppressed by loading the circuit until 
oscillation is impossible. A parasitic choke, com- 
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posed of an inductor and resistor in parallel, will do 
the job. The suppressor is placed in the plate lead, 
but a second suppressor is sometimes required in the 
input circuit. 

The suppressor represents a portion of the lead 
wound up into a coil and shorted by a resistor. At the 
parasitic frequency there is a large voltage drop 
across the coil. The resistor acts as an rf load for this 




e 

fig. 4. Vhf parasitic circuits in grounded-grid amplifiers are 
made up of stray input capacitance (C3) plus the inductance 
of the input and plate leads, LI and L2, see (A). The parasitic 
oscillations may be suppressed, as shown in (B), by shunt¬ 
ing a portion of the input and/or plate lead with a resistor to 
load the parasitic circuit. However, this choke must not be 
too tightly coupled to the plate circuit at the operating fre¬ 
quency or it will dissipate fundamental frequency power 
and overheat. 

voltage drop. If the load is tightly coupled to the 
tube, oscillation will not take place, but if the load is 
tightly coupled at the operating frequency, the sup¬ 
pressor will probably overheat and burn up. The 
number of turns in the inductor must be determined 
by test so that sufficient inductance exists to do the 
job, but not enough inductance is used to couple too 
much fundamental energy into the resistor, 

A vhf parasite can be determined by the neon bulb 
test. The bulb will glow with a bright purple color if 
oscillation is taking place. 

High frequency parasitic oscillations. The 

grounded-grid amplifier can be turned into a splendid 
oscillator if the input circuit is detuned too far from 


resonance. The tuning range of the input circuit 
should therefore be quite restricted. It is a good idea 
to tune the input circuit to the middle of the Amateur 
band in use and then forget it. Actual adjustment of 
this circuit will be discussed in a subsequent article. 

High frequency parasitic oscillation can also take 
place if output power from the amplifier finds its way 
back into the input circuits. Shielding and filtering 
(which also reduces vhf harmonic energy radiation) 
serves to reduce the possibility of high frequency 
oscillation. In some instances, the grounded-grid 
amplifier must be neutralized to achieve stability. 
Luckily, this is generally not required for amplifier 
operation below 30 MHz but the builder should be 
aware of the fact that high frequency oscillation at 
the operating frequency can take place in a ground¬ 
ed-grid amplifier if the proper precautions are not 
exercised. 

summary 

So far, we've slogged through a quicksand of 
physical design problems. Let's sum up what has to 
be done as far as this aspect of amplifier design is 
concerned: 

1. The amplifier tube has to be chosen for the partic¬ 
ular power level desired and must be properly venti¬ 
lated and cooled. 

2. The amplifier has to be placed in an rf-tight box for 
harmonic suppression and operational stability. 

3. Circuit design must ensure that unwanted oscilla¬ 
tions do not take place. 

The next article in this series will discuss the elec¬ 
trical design of the linear amplifier. 
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afc circuit for vfos 


Add a new measure 

of stability 
to an existing vfo 
by incorporating 
this afc circuit 

The search for frequency stability in Amateur 
equipment, both commercially manufactured and 
homebrew, has been one of the longest and most 
fervently pursued in the history of ham radio. In the 
earliest days, when King Spark reigned supreme, fre¬ 
quency stability wasn't much of a problem since the 
damped waves covered a considerable portion of the 
spectrum. However, as the state of the art advanced 
(and in those days it was an art), the vacuum-tube 
oscillator became re rigeur, receiver selectivity im¬ 
proved (necessary because of a more crowded spec¬ 
trum), and the need for greater oscillator stability 
quickly became apparent. That need has been with 
us ever since! 

In the early 1930s, crystal controlled transmitters 
became the way to go, with a powerful assist from 
the Federal Radio Commission (the ancestor of the 
FCC). You could actually find the same ham at the 
same spot on the dial (almost) night after night. After 
all, during the depression, who could afford more 
than one or two crystals? They cost about two days' 
pay (about $7.50) each! Crystal control was undeni¬ 
ably a great advance over the self-excited oscillators 


I then in use for transmitter frequency control. By the 
standards of the day, transmitters became literally 
"rock stable." Unfortunately, receivers of that period 
didn't enjoy the same stability. The superheterodyne 
had become popular, and the instability of its high 
frequency oscillator (HFO) required a frequent touch 
of the tuning dial (in much homebrew gear) to keep 
the desired station audible. Manufactured gear was 
better, of course, but few Amateurs could afford it. 
By today's standards these oscillators were pretty 
crude, but we were dealing with a lot of CW and a lit¬ 
tle a-m telephony. With the broad bandpass win¬ 
dows in those old receivers, a-m was easily handled, 
and a changing CW beat note could be tolerated as 
long as the band wasn't crowded. 

Use of the Amateur bands was rapidly increasing, 
however, and by 1939 or 1940 the trend was away 
from crystal control toward something known as the 
ECO, or electron-coupled oscillator. Great strides had 
been made in stabilizing the same old Hartley and 
Colpitts oscillators by using higher gain tubes such as 
the new pentodes, looser coupling between oscilla¬ 
tor and load, and a myriad of other tricks that today 
we take for granted. 

Rather than labor the points unduly, it is best to 
say that today, both VFO and crystal oscillators are in 
wide use in the ham bands, the more stable crystal 
oscillator being used for certain receiving functions, 
MARS frequency assignments, vhf repeater chan¬ 
nels, and so forth. The VFO, of course, finds its major 
application in the HFO of the modern hf transceiver. 
A new state-of-the-art device, the frequency synthe¬ 
sizer, actually uses both techniques: a reference 
crystal oscillator of high stability and a particular type 

By Read C. Easton, K6EHV, 3691 Gay Way, 
Riverside, California 92504 
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Front view of the VFO-stabilising unit The three LEDs are 
used to indicate the position of the control voltage within 
its total range. 


of VFO known as the voltage-controlled oscillator 
{VC01 locked to the crystal oscillator by the phase- 
locked loop. 

Still, the great majority of equipment in use today 
employs the VFO in one form or another, tube or 
transistor, Hartley, Colpitts, Vackar, They share one 
common failing; they ati drift in frequency to some 
extent. Even the justly famed Collins PTO can be irri¬ 
tatingly unstable to a frequency-measuring nut* 

Individual component variations in an otherwise 
sound VFO design can, in a production situation, 
become an annoying source of trouble. A more fun 
damental problem is that to thoroughly stabilize a 
VFO takes much time and use of temperature-com¬ 
pensating capacitors. The stabilizing procedure also 
requires a manufacturer to employ a trained techni¬ 
cian for this task. The manufacturer attempts to 
arrive at a sort of stability ' middle ground," or per¬ 
formance that will satisfy the majority of buyers, 

what is a VFO 

Let's briefly examine the device weTe trying to im¬ 
prove so that a little more than the tip of this iceberg 
becomes visible. Contrary to opinions expressed by 
some sources, black magic does not play a major role 
in VFO design. The modern VFO is a marvel of con¬ 
struction, It is usually built in a very rigid box of steel 
or heavy aluminum, and almost invariably today is a 
solid-state device even though vacuum tubes may 
appear elsewhere in the radio. Use of solid-state 
devices removes from the VFO one of its worst 
enemies - heat. Most of the VFO circuits in produc¬ 
tion equipment today can trace their origin to the 
basic Colpitts circuit, probably because the coil tap in 
the Hartley introduces added switching complexity 
and cost. 

Even more basic is the real heart of the VFO, the 
tank circuit or frequency-determining network. Any¬ 


thing that causes the oscillatory period of this net¬ 
work to vary (other than deliberate variation} will 
have an adverse effect on the stability of the VFO. 
The sole exception to this statement is the AFC cir¬ 
cuit. However, this can be considered a form of oper 
ator control and, in fact, the operator can alter the 
VFO frequency through manipulation of the AFC cir¬ 
cuitry, Undesirable factors include changes in tern 
perature, change in the load on the VFO, changes in 
supply voltage, and vibration. An excellent measure 
of the designer's success is the stability of his VFO. 
From a manufacturing standpoint, add one more 
vital point. It must be reproducible! I once built a little 
VFO that was a marvel of stability. Three other 
people tried to reproduce it. Their versions oscillated 
and they were in the correct frequency range but 
they drifted. The circuit was not easily reproducible. 
Therefore, it was useless except to me. 

VFO improvement 

Many papers have exhaustively covered the trials 
and tribulations of VFO design, both from the home¬ 
brew aspect and from the commercial viewpoint. It 
seems sufficient to note that most of the hints, tech¬ 
niques, design criteria, and other good and valid 
information presented in VFO design papers 1 -2,3 are 
basically aimed at reducing frequency drift. We have 
relatively simple formulas for calculating the compo¬ 
nent values, but no one has yet come up with a 
magic formula to make the VFO stable. 

The recent article by PA0KSB 4 suggests one solu¬ 
tion to the stability problem. Fig. 1 shows a stabiliz¬ 
ing device in block diagram form — a single stage 



Inside view of the logic portion of the control unit. The only 
other components are those installed inside the VFO enclo¬ 
sure. Additional information regarding the changes to the 
Atlas equipment can be obtained either from the author or 
by writing to Atlas Radio. 


20 GB June 1979 












*> TO VFO TANK 
CIRCUIT 


binary counter, a storage element (D-type flip-flop), 
a clock (low frequency crystal oscillator), and an inte¬ 
grator to drive the control element. Fig. 2 shows the 
entire control element, a tuning diode, a bypass 
capacitor, an isolation resistor, and a small coupling 
capacitor. Room for these tiny components could 
easily be found in any VFO I've looked at. As you can 
see from the size of the coupling capacitor (1 pF), the 
effect of the VFO (dial) calibration won't be a major 
one. In all cases so far, minor readjustment of indi¬ 
vidual band trimmers has easily absorbed the small 
additional capacitance represented by the control 
element. 

practical AFC package 

The actual circuit of the AFC unit is shown in fig. 
3. There are a few changes from the original. First, in 
this country at least, there are no 100-megohm 14- 
watt resistors commercially available. To my knowl¬ 
edge, the highest value 14 -watt resistor available in 
quantity in this country is 22 megohms. A series pair 
of these resistors, along with a 2-^iF capacitor (metal¬ 
lized Mylar or polycarbonate) will provide an 88- 
second integrator time constant, as compared with 
the 100-second value in the original circuit. The 
slightly shorter time constant has proven entirely 
adequate in practice. It must be noted that high-leak- 
age capacitors, such as eiectrolytics, are unsatisfac¬ 
tory in this application. The added expense of the 
low-leakage capacitor has to be accepted to obtain a 
smoothly operating unit. 

The circuit likes a low impedance input; this point 
is mentioned in the original article, but without par¬ 
ticular emphasis. As a majority of the radios manu¬ 
factured in this country have a VFO output impe¬ 
dance in excess of the 50 to 100 ohms which I (and 
apparently the AFC circuit) consider low impedance, 
a broadband autotransformer has been added at the 
input to help the interface problem. Use of this 
approach has allowed sampling of the VFO output 
voltage without detriment to either its output ampli¬ 
tude or intrinsic stability. This particular transformer 


RF 

INPUT 



fig. 1. Block diagram of the AFC control unit. The clock con¬ 
trols both the counter and storage sections, determining 
when to count and when to transfer information to the next 
stage. The integrator serves to smooth out the information 
going to the control element, preventing the VFO from 
jumping back and forth in frequency. 
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fig. 2. Schematic diagram of the control unit which is in¬ 
stalled inside the VFO. Since the added capacitance is very 
small, any change in frequency iis easily compensated for by 
the VFO's trimmers. 


has been examined with a Hewlett-Packard 250B Rx 
meter and found to be essentially flat from about 2 to 
over 23 MHz. This is more than adequate for any 
range of VFO frequencies yet encountered. 

Routine equipment turn-on generally gives a ramp 
voltage of about one quarter maximum. This, plus 
normal voltage change due to operation, necessi¬ 
tated some form of metering. An early approach with 
Atlas equipment involved switching the S-meter. 
However, this method has since been discarded in 
favor of three LEDs which, with the addition of a 
7406, illuminate upper and lower limit red warning 
lights when the ramp voltage comes within one volt 
of either end of its range. In between, a green LED 
glows. The transition from red to green, at each end 
of the range, is reasonably abrupt. Only a few milli¬ 
volts of overlap exist between the red and green 
LEDs. This metering system provides an adequate 
Go/No-Go indication which is particularly useful 
under mobile operating conditions. Trying to read a 
conventional analog meter under crowded freeway 
conditions is not exactly conducive to an extended 
life expectancy! Also, the components of the LED 
metering system are noticeably less expensive than a 
meter. 

In addition to metering, this approach makes pos¬ 
sible construction of the AFC circuitry in a completely 
separate box without a multitude of connecting 
wires. The length of the four-wire umbilical isn't criti¬ 
cal, allowing the user to position the box for opti¬ 
mum convenience. This concept also reduces the 
amount of internal work necessary to incorporate the 
drift-cancelling circuitry. For example, in the case of 
the Atlas 180/210 series, the device plugs directly in¬ 
to the AUX VFO socket. A 100-ohm resistor at the 
radio end of the connecting cable prevents any inter¬ 
action between the AFC system and the VFO in the 
radio. Internal work on the radio is limited to installa¬ 
tion of the control circuitry within the VFO compart¬ 
ment and adding one wire from the control element 
to pin 1 of the AUX VFO socket (normally unused) to 
carry the ramp voltage. All other voltages are already 
present. The digital dial (if used) plugs into this same 
socket, but, because of the plug construction on 
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fig. 3. Diagram of the logic portion of the AFC control unit. The transformer is bifilar wound with nine turns of number 26 AWG 
(0.4-mm) enamel insulated wire over a 02 ferrite toroid. Core should be 9.4 mm (0.37 inch) outside diameter, 5 mm (0.2 inch) 
inside diameter, and 4.9 mm (0.19 inch) thick. 


both the digital dial and the AFC unit, they piggyback 
without trouble or interaction. In a transceiver as 
compact as the 210X, minimal work within the radio 
is a worthy consideration. Conversely, within the 
Atlas VFO compartment there is more than adequate 
room for the control-element components. After 
having modified several of these radios, total conver¬ 
sion time is less than an hour, including the minor 
recalibration required. 

adaptability 

The AFC unit will perform equally well on older 
tube-type VFOs. It has successfully been installed in 
Heathkit tube-type VFOs (SB400 series) with no 
problems. No adverse effects on dial linearity were 
noted. Since this VFO is not bandswitched, only one 
recalibration is needed. Even though the piston 
capacitor is of very low capacitance, more than 
enough range is available after adding the AFC con¬ 
trol element. 

Initial examination of an older Swan 350 proved 
enlightening. Although the schematic shows a solid- 
state VFO and emitter follower practically identical to 
the early Atlas units (as well as a tube-type VFO 
amplifier), maximum rf voltage was only 60 millivolts 
(at 7 MHz). Other bands weren't much different. This 
rf level doesn't allow resistive isolation in the pickoff 


line, because the input voltage to the AFC unit then 
becomes too low for reliable operation of the 
counter. 

Even with a relatively poor VFO, AFC lockup will 
occur within a minute. It takes a little time for the 
integrator to do its thing. A good VFO will normally 
stabilize within about 15 seconds of turn-on. For 
example, the Atlas 350-XL with AFC settles down in 
ten to fifteen seconds, while a relatively poor home¬ 
brew unit, the first one on which the AFC approach 
was tried, took about a minute to stabilize. However, 
this VFO was so bad that without AFC it would drift 
noticeably during a two-minute transmission. I threw 
the whole thing together in a hurry several years ago 
and never got aroung to taming it. Consequently, it 
was a natural for AFC experiments. The first time the 
modified rig was used on the air, I was accused of 
having bought a new radio. "We don't have to chase 
you any more!" Constant attention had to be paid to 
the ramp voltage though, because that VFO never did 
settle down on its own. About once an hour the 
ramp voltage would have to be reset because it 
would be getting perilously close to its range limit. 
Conversely, the Atlas 350-XL can run all day and 
nothing has to be reset. The ramp voltage has more 
than enough range to keep this excellent VFO locked 
up indefinitely. 
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fig. 4 Examples of measured drift from VFO$ with arid 

without AFC. 

The system of automatic frequency correction 
described in this article offers an order of magnitude 
stability improvement. It is not a universal cure for all 
the ills that may beset a VFO. For example, this cir¬ 
cuitry cannot correct the frequency jump that is 
caused by sticking or misaligned mechanical tuning 
assemblies or from worn or corroded contacts on a 
bandswitch or variable capacitor shaft. Sudden fre¬ 
quency excursions of this type look to the circuit like 
"human intervention/' a frequency shift too rapid to 
be corrected. One demonstration of AFC capability 
that invariably generates astonishment is connecting 
a counter capable of reading the VFO frequency to 
the nearest Hertz to a cold radio which is AFC 
equipped. When the radio is turned on, the counter 
will faithfully reveal the rapid initial warmup drift, the 
sudden stop, and then will remain for hours within 
about 5 Hz of the original lockup point (see fig. 4). 

In the near future, buyers of Atlas equipment will 
be able to order this feature as an option; a retrofit 
program exists for older Atlas equipment. For those 
brave souls willing to invade the mysterious innards 
of their VFO, the system is available as a package; the 
modification really isn't all that hard to perform. If 
AFC of the VFO isn't the final answer to outstanding 
stability in older gear, it must be pretty close to it. 



They say "beauty is as beauty does 1 *. And the 
streamlined, low silhouette Larsen Kuirod Antenna 
performs as beautifully as it looks! 

You get real performance, thanks to solid 
contacts with no power wasted in inefficient 
base or phasing coils. And there’s no power loss 
through inefficient high loss whips when you use 
a Larsen Kuirod Antenna, 

These antennas were engineered to serve the 
tough, highly competitive two-way communications 
field. They are in demand and sold throughout the 
United States and around the world — though 
often priced a bit above other antennas. The 
reason? Top performance and looks, 

Larsen Kuirod Antennas are available at leading 
Amateur stores. Choose from a variety of easy-to- 
install permanent and temporary mounts and in 
the 50,144,220 and 440 MHz amateur frequencies. 

Write for a free catalog and name of the nearest 
Larsen dealer. And before long you’ll be getting 
"fine signal’ 1 reports on your new Larsen Kuirod. 
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You cart HEAR the difference! 
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P.O, Box 1606 Unit 101 
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improving antenna accuracy 


in satellite 
tracking systems 

A review of the problems 

encountered in 
Amateur tracking systems, 

with suggestions 
for improving accuracy 

and operating 
efficiency 

Most users of the OSCAR communications satel¬ 
lites have some form of antenna tracking system for 
obtaining the greatest advantage from the available 
transmitter power and for increasing the strength of 
the received downlink signal. These systems range 
from simple, manually switched dipoles to elaborate 
arrays driven in azimuth and elevation under micro¬ 
processor control. But most setups fall somewhere 
in between — often with antennas driven in azimuth 
and elevation by rotators with separate control boxes 
manually operated by the same person carrying out 
the communications — similar to the arrangement 
shown in fig. 1. 

This general arrangement is simple, inexpensive, 
and not particularly difficult to operate when the sat¬ 
ellite is low in the sky. On these passes, neither azi¬ 
muth nor elevation changes very rapidly, and it's a 
simple matter to update the antenna position from 
time to time. However, as the satellite gets closer 

# Appendix A is not included with this article but is available on request from 
the author. Please Include a 229 x 305 mm (9 x 12 inch) self-addressed 
envelope with 28 cents postage. Overseas readers may send one IRC {5 
for Air Mail) and omit the envelope. 


I and the elevation angle gets higher, things begin to 
change much more rapidly, which requires more 
frequent updating of antenna direction. On some 
passes activity gets downright frantic as the satellite 
passes close overhead and the operator finds that 
the elevation rotator is about to hit the stops and the 
azimuth angle has suddenly switched from south to 
north! 

Even microprocessor-controlled systems are not 
entirely immune to these problems. What happens 
is that the azimuth angle begins to change so fast 
that the rotator simply can't keep up with it. Add to 
this the time lag in updating the antenna position in 
a manually controlled system, and you frequently 
find yourself in a situation where the elevation con¬ 
trol has the antenna pointing straight up (or nearly 
so) as the satellite azimuth angle suddenly swings 
150 degrees or more in a few seconds. So then you're 
stuck. The azimuth rotator slowly trundles around 
the 150 degrees (or 210 degrees in the other direction 
if the mechanical stop happens to be in the way), 
while the satellite merrily recedes into the distance. 

Slew rate. The rate at which the azimuth angle 
changes is called the slew rate . What we'd like to do 
is find a way to anticipate excessive slew rates so we 
can reduce or eliminate the problem. The first order 
of business is to find the minimum elevation angle at 
which the slew rate can exceed the azimuth-rotator 
rotation speed. This, of course, depends on what 
kind of rotator you have, but most rotators turn a 
full circle (360 degrees) in one minute or 6 
degrees/second, so we'll use this figure for the sake 
of argument. 

If you ask a dozen different OSCAR users what 
that critical minimum elevation angle is you'll get as 
many different answers, but most will probably say 
it lies between 60 and 70 degrees. Experience in 
manually operated Az-EI control systems does in¬ 
deed seem to point to a number in this range; but 
surprisingly, the correct number for OSCAR 7 is an 
elevation angle of 87.3 degrees — a mere 2.7 de¬ 
grees from the vertical! The mathematical procedure 
for arriving at this number is detailed in Apendix A* 

By Bill Johnston, N5KR, 1808 Pomona Drive, 
Las Cruces, New Mexico 88001 
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along with the procedure for finding the maximum 
azimuth error (lag) between satellite and rotator as 
well as the lag duration. For most rotators the critical 
angle is extremely high. The faster the rotator, the 
higher the angle. 

Obviously, then, the slew rate can exceed the ca¬ 
pacity of the typical azimuth rotator for only a very 
short time on any given pass (in fact, for well under 
ten seconds at the maximum). So why does the slew 
rate cause so much trouble? We can best answer 
that by taking a look at just how high the slew rate 
can go, and in particular by looking at the special 
case where the satellite passes directly overhead. 

Here we have the satellite approaching, let's say, 
from the southeast. Since it's going to pass over¬ 
head, it's coming straight toward us the whole time 
it's in view, and the azimuth angle doesn't change at 
all. (Actually, due to earth rotation, the satellite's 
ground track is slightly curved, and the azimuth 
angle will change a little.) At the instant the satel¬ 
lite passes through the zenith, the slew rate jumps to 
infinity , then becomes zero again as the satellite 
recedes to the northwest. 

In other words, on an overhead pass, the slew 
rate is infinitely high if only for an instant. If the satel¬ 
lite passes very dose by, but not directly overhead, 
the slew rate will become very high (but not infinite) 
and will remain high for a longer period of time. 

Incidentally, the rate of change of the elevation 
angle is always quite low. For OSCAR 7, the fastest 
it can possibly change is a little more than a quarter 
of a degree per second, so this is never a factor we 
have to worry about. 



fig. 1. A typical satellite Az-EI control system consists of a 
pair of rotators operated by separate control boxes. Usually 
the person carrying out the communications must also 
operate the antenna controls. 


As mentioned earlier, OSCAR 7's slew rate can 
exceed the 6 degree/second speed of a typical ro¬ 
tator for less than ten seconds at the most on any 
given pass. But even after the slew rate decreases, 
it still takes a little time for the rotator to catch up. 
The worst-possible case is again the overhead pass, 



fig. 2. When the satellite is high overhead, or nearly so, the 
azimuth angle changes quite rapidly and the azimuth error 
may become quite large. However, with the antenna eleva¬ 
tion at 90 degrees, the actual pointing error between anten¬ 
na and satellite is fairly small. 

where the total duration of the lag is 30 seconds. 
(Appendix A gives details on how to compute the 
duration of the lag for other passes.) 

Pointing error. Even though we can develop a tem¬ 
porary azimuth error of up to 180 degrees, the actual 
pointing error is not as bad as it might seem. For ex¬ 
ample, suppose we have an overhead pass and the 
elevation rotator hits the stops at 90 degrees, as 
shown in fig. 2. The azimuth suddenly swings 180 
degrees, and the azimuth rotator direction is now in 
error by that amount. Even if the elevation control 
remained at 90 degrees and we waited 30 seconds for 
the azimuth rotator to come around, the satellite 
elevation angle would have changed by only about 
8 degrees in that time. So the absolute pointing error 
between antenna and satellite true elevation angle 
would at most be about 8 degrees, regardless of the 
magnitude of the azimuth error . Once the azimuth 
rotator comes around to its proper alignment, the 
elevation rotator can be brought to bear on the satel¬ 
lite in less than 1-1/2 seconds (assuming a 6 degree/ 
second turning rate). 

With typical antenna beamwidths of 15 to 30 de¬ 
grees at the half-power points, an 8-degree pointing 
error is inconsequential. Judicious operation of the 
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AFTER MOOIFtCATiON 

fig. 3. Azimuth rotator dial face as normally supplied for the 
mechanical stop at 180 degrees and as modified when the 
stop is placed at 160 degrees. 

elevation control can reduce the magnitude of that 
error even further. 

reducing antenna pointing error 

Everything we've said so far seems to indicate that 
the overall problem isn't nearly as great as we 
thought, so why even bother worrying about it? 
Well, first of all, the relatively small pointing error 
described above can be achieved only if the antenna 
is kept on track at all possible times. From a practical 
standpoint, in a manually operated control system, 
this simply isn't feasible. If you devote all your time 
to operating the antenna controls you have no time 
for communicating. 

The end result is that the actual time lags and 
pointing errors are usually quite large. Nevertheless, 
a number of ways are available to improve the per¬ 
formance of such a system without putting an in¬ 
creased workload on the operator. Another good 
reason to attack this problem is that improvement in 
pointing accuracy allows the use of higher-gain an¬ 
tennas, which have inherently narrower beamwidths. 
This is especially beneficial when the antenna is 
under some form of automatic control. 

Planning. A good rule in manually operated systems 
is to plan each pass ahead of time. Check to see how 
high the elevation angle will be to locate any poten¬ 
tial trouble spots. During the pass, instead of playing 
a constant game of catch-up with the antenna, lead 
the satellite by half the interval between antenna cor¬ 
rections. For example, if you normally reposition the 
antenna every two minutes, then each time you 


move the antenna, set it to where the satellite will 
be one minute from that time, In this way the an¬ 
tenna will be a little ahead half the time and a little 
behind half the time, and the average pointing error 
will be reduced to half of what it would have been 
otherwise. 

Mechanical considerations. Consider the azimuth 
at which the mechanical stop on the azimuth rotator 
should be placed. Since most rotators turn only 360 
degrees, the ideal location for the stop would be at 
the azimuth corresponding to the point where the 
satellite first comes into view on a pass that will 
take it directly over the ground station. (For most 
locations, this would be an azimuth of about 162 
degrees for ascending passes, or about 15 degrees 
for descending passes.) In this way there would 
never be any interference from the stop for the type of 
pass (ascending or descending) you selected for its 
location, and interference to the other type of pass 
would be no worse than if you did nothing at all. 

It may seem that some rotators require the stop to 
be oriented to a particular direction (usually south). 
But this isn't true; you can orient the antenna to any 
direction you like on the mast. All that's required is 
that, once you've reset the antenna, you draw a new 
dial face for the position indicator. Fig. 3 illustrates 
an example where the regular dial face of an indicator 
requires that the stop be at 180 degrees and as modi¬ 
fied for the stop at 160 degrees. 

You might also try to obtain or modify a rotator 
that will turn more than 360 degrees. One that will 
turn 390 degrees with stops set at 180 degrees and 
210 degrees, would work very nicely for both ascend¬ 
ing and descending passes. As shown in fig. 4, if 
rotation starts from the 180-degree stop, the antenna 
can move clockwise a full turn through 180 degrees, 



180 


fig. 4. Turning pattern of rotator with 390 degree rotation 
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RIGHT SIDE UP 


finally hitting the other stop at 210 degrees. These 
stops wouldn't have to be mechanical stops in the 
rotator but could be electrical stops in the control 
box or appropriate software if the system is under 
microprocessor control. Some sort of indicator (a 
pilot light, perhaps) could be used to let you know 
when the rotator is inside the extra 30 degrees, so 
you'll know which way to turn it if you're getting 
ready to track the satellite's initial azimuth as it 
comes over the horizon. 

antenna elevation inversion system 

Although most elevation control systems are set 
up with stops at 0 and 90 degrees, there's no law 
that says they have to be that way. And in most 
cases there is no physical reason that limits the 
equipment to this range. Remember the overhead 
pass? Suppose you don't touch the azimuth control, 
but when the antenna elevation reaches 90 degrees 
you let it keep right on going over on its back. All of 
a sudden you've eliminated a whole slew of prob¬ 
lems. Instead of frantically chasing after the azimuth 
control, just ignore it, and every once in a while give 
the elevation control a slight touch up. Even when 
the pass isn't directly over head,much time and effort 
can be saved on high passes by inverting the antenna 
at the proper moment. 

Antenna motion resulting from an elevation in¬ 
version system of this type is illustrated in fig. 5. 
Manufacturers of optical and electronic tracking 
equipment often incorporate this feature into their 



ELEVATION 70' 
INVERTED 



ELEVATION 45' 


* 


ELEVATION 90' 



ELEVATION 45' 
INVERTED 



ELEVATION O* 
INVERTED 


fig. 5. Antenna movement with an elevation inversion sys¬ 
tem. No azimuth change is made in these illustrations. 




ELEVATION 

fig. 6. Azimuth and elevation dial faces for an antenna eleva¬ 
tion inversion system. Numbers on the normal side of the 
dials are black; those for antenna inversion are red. When 
elevation dial is in the red, the corresponding azimuth red 
scale is used, and vice versa. 


products, although they sometimes refer to inver¬ 
sion as "dumping." 

One thing you must do when using this type of 
system is to modify the azimuth and elevation control 
dial faces. Otherwise, when the antenna inverts, the 
azimuth dial will be 180 degrees off. It's normally a 
simple matter to extend the scale on the elevation 
control, and an example of how to label both faces 
is shown in fig. 6. The numbers on the normal (right- 
side up) side of the elevation dial are black and are 
red on the side that shows the antenna inverted. The 
azimuth control has its normal set of black numbers 
with an inner set of red numbers that are 180 degrees 
opposite in value to the black ones. When the eleva¬ 
tion control pointer is in the black, you read from the 
black scale on the azimuth dial also. When the eleva¬ 
tion dial is in the red, you read from the red scale on 
the azimuth control. It probably wouldn't hurt to 
have an indicator light illuminate when the antenna 
is inverted. 

Renumbering dial scales isn't as hard as you might 
think. Dry transfer lettering works very nicely, and, 
if you want to be able to return the dials to their 
original condition, the new scales can be put on 
paper templates and attached with rubber cement. 
They can be peeled off later without damaging the 
original dial face. 

systems under microprocessor control 

Many of the ideas discussed so far, although 
especially suited for systems under manual control. 
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are applicable to automatic control systems. Let's 
take a look at some factors that again affect both 
types of systems but are of special interest in sys¬ 
tems under microprocessor control. 

We already know that slew rates vary widely, 
from a small fraction of a degree per second up to a 
hundred degrees per second and higher. Most rota¬ 
tors r though, have only one speed, so you have to 
constantly turn it off and on to keep it on track. 
These start/stop operations put a lot of wear on the 
rotator, and the very nature of the procedure pre¬ 
vents the antenna from being exactly on the satellite 
at all times. Ideally, we'd like a rotator with a speed 
that varies according to the satellite slew rate, since 
this would produce a smooth and continuous motion 
with no pointing error. 

Variable-speed rotators. Finding a variable-speed 
rotator suitable for your station would probably be no 
easy task, although you could build one from scratch 
with an appropriate motor. On the other hand, if 
your rotator is driven by a synchronous ac motor, it 
would be a simple matter to build a variable-frequen¬ 
cy ac power supply that would in turn vary the motor 
speed. The microprocessor would select the correct 
frequency to produce the desired rotator speed. 
This, of course, would require calculating the slew 
rate in addition to the azimuth and elevation angles. 
The procedure for doing this is given in Appendix A. 

Even the operator of a manually controlled system 
might find a variable-speed control handy, as it 
could reduce his workload to a certain extent. Com¬ 
mercially made speed controls, operated by a small 
joy stick and capable of handling motors of up to 15 
watts, are available through a number of amateur 
telescope dealers. They are advertised as "drive 
correctors." You can save yourself some money, 
though, if you're willing to build you own. 

It's even easier to vary the speed of rotators driven 
by dc motors, but whether the rotator is ac or dc, 
you'll have to invest some time in designing the in¬ 
terface circuitry between the control system and the 
microprocessor. 

Microprocessor interface circuitry. Regardless of 
whether the rotator speed is variable or fixed, there 
will be times when the slew rate exceeds the rotator's 
capability. To reduce the complexity of the micro¬ 
processor software, the computer would calculate 
the slew rates for the pass ahead of time and store 
the information concerning the time period (if any) 
during which excessive slew rates will occur. Then, 
during actual tracking, the microprocessor would 
instruct the antenna to begin leading the satellite by a 
few degrees just before it gets to the bad area. The 
end result would be a worst-case pointing error of no 


more than 4 or 5 degrees, and then only for five or 
ten seconds. 

There are, of course, many things the software 
should take into consideration; unfortunately we 
can't discuss all of them here. But whatever you do, 
make sure that the software knows where the rota¬ 
tor's mechanical stop is, and make sure it knows how 
to minimize interference from the stop. 

operational procedure for a micro¬ 
processor-controlled tracking system 

Now that we've discussed a number of the factors 
in developing a system, let's see how an interactive 
microprocessor-controlled tracking system might 
operate. The software would be designed for fully 
automated operation while at the same time incor¬ 
porating interrupt capability to permit the operator to 
take control when desired. 

The tracking program could be called up by typing 
in the word TRACK. Once activated, the program 
would accept additional commands. Entering NEXT 
PASS for example, would cause the computer to 
check the station's digital clock, compute the start¬ 
ing time of the next pass for each of the active satel¬ 
lites, and flash a message similar to the following on 
its display screen: 


28 OCT 78 16:35 UTC 




TIME 


NEXT 

TILL 

SATELLITE MODE 

PASS 

START 

Oscar 7 A 

17:04 

:29 

Oscar 8 J 

16:21 

IP 

Oscar 9 B 

16:44 

:09 

RS2 A 

17:51 

1:16 

RS4 A 

16:50 

:15 

HIGHEST 


PRIMARY 

LENGTH ELEVATION 

DIR 

COVERAGE 

9 15 

A 

WEST 

12 32 

D 

EAST 

21 88 

A 

OMNI 

4 6 

D 

NE 

18 76 

D 

OMNI 

which satellite? 




Suppose, as in example above, you decide to work 
OSCAR 9, which has a Mode B ascending pass start¬ 
ing in nine minutes and lasting for 21 minutes. (Since 
it will be an overhead pass, the computer shows the 
coverage to be omnidirectional.) You would type in 
OSCAR 9, to which the computer would reply: 


PREPARE TO TRACK? 


Upon receiving a response of YES, the micro¬ 
processor would make calculations to determine if 
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the azimuth slew rate will become excessive and 
would store the information regarding that part of 
the pass. It would then calculate the initial azimuth 
angle and swing the antenna to that point on the 
horizon (0 degrees elevation). As this operation is 
being carried out, the microprocessor would check 
the clock and display on the screen: 

READY OSCAR 9 MODE B 
T MINUS 8:43 AZ 163 EL 0 

Following this, the computer would update the T 
time (TIME TILL START) every second as it count¬ 
ed down from 8 minutes, 43 seconds. You'd then be 
free until T minus 15 seconds, at which time the 
computer would begin emitting a persistent "beep- 
beep-beep" to alert you of the approaching satellite 
acquisition. At T minus zero the beeping would stop 
and the screen would flash: 

TRACKING OSCAR 9 MODE B 21:00 REMAINING 
AT T PLUS :00 AZ 163 EL 0 

As the pass progresses the computer would count 
down the time remaining while counting up the T time 
and would continually update the azimuth and eleva¬ 
tion numbers so that you'd know where the antenna 
is pointing at any given moment. A few minutes 
before the satellite reaches the point where the slew 
rate becomes excessive, the microprocessor would 
instruct the antenna to begin leading the satellite by 
a few degrees. The pointing error will therefore be 
kept to a minimum, and a few seconds later the an¬ 
tenna will be right back on target. When the pass 
ends, the screen flashes: 

PASS COMPLETE AT T PLUS 21:00 AZ 354 EL 0 

At this point you can shut down the station if 
you're finished. Or, if you wish to try another pass, 
you can enter NEXT PASS to obtain an updated 
list of upcoming passes. Perhaps you're interested 
in what's available the next day. In that case you'd 
enter ALL PASSES 29 OCT to obtain a complete 
list. Or maybe you're interested only in Mode J for 
the next afternoon, so you'd type in MODE J 
PASSES 29 OCT PM to obtain a list of only the 
passes in which you're interested. 

An interrupt capability would be incorporated into 
the software so you can stop in the middle of a pass 
if desired. For example, during the OSCAR 9 pass 
described above, suppose you communicate for ten 
minutes, then decide to try a different satellite. You'd 
type in STOP, which halts the tracking of OSCAR 9, 
followed by NEXT PASS RS4, to which the com¬ 
puter replies: 

28 OCT 7816:54 UTC 





TIME 



NEXT 

TILL 

SATELLITE 

MODE 

PASS 

START 

RS4 

A 

16:50 

IP 



HIGHEST 


PRIMARY 

LENGTH 

ELEVATION 

DIR 

COVERAGE 

14 

76 

D 

OMNI 


PREPARE TO TRACK? 

This tells you that the pass for the Soviet satel¬ 
lite RS4 is in progress (IP), having begun at 16:50, 
with 14 minutes remaining in the pass. Furthermore, 
it's a descending Mode A pass with a fairly high 
elevation angle and more or less omnidirectional 
coverage. In reply to the computer's question, you 
might type in YES. 

The computer would immediately bring the anten¬ 
na to bear on the satellite at its current position in 
the sky and begin to track RS4 as it flashed: 

TRACKING RS4 MODE A 14:00 REMAINING AT 
T PLUS 04.00 AZ 328 EL 11 

The possibilities are unlimited, but the examples 
we have looked at should give you a good idea of 
the convenience that appropriately designed soft¬ 
ware can bring to a station that has a microproces¬ 
sor-controlled satellite tracking system. You have a 
free hand in programming all the features that suit 
your situation. 

summary 

We began by discussing problems encountered in 
satellite tracking and described how some of them 
can cause serious pointing errors in both manually 
and automatically controlled systems if corrective 
measures are not taken. A number of approaches 
were covered for improving accuracy. A major con¬ 
cern is that, if at all possible, we reduce the work¬ 
load on the operator (who would prefer to spend his 
time communicating rather than operating antenna 
controls), and we have presented some ways to do 
just that. Finally, we looked at some special problems 
associated with microprocessor-controlled systems 
and discussed some software features that should 
be included in the finished system. 

We concluded by looking at an example of an 
operational procedure for a microprocessor-con¬ 
trolled tracking system. Here we discussed how the 
computer could provide detailed data on various 
satellites as well as controlling the tracking antenna 
in a convenient and accurate manner. 

A number of hams have incorporated many of 
these features into their stations. The sky's the limit 
when you begin to work on your own system. 

ham radio 
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diode noise source 


for receiver noise 
measurements 

Construction of a 
temperature-limited 
diode noise source 
for accurate 
automatic and manual 
noise-figure measurements 

to 500 MHz 


The saturated temperature-limited thermionic 
diode has been used extensively for measurement of 
receiver noise figures in the high-frequency, vhf, and 
low uhf regions. Its characteristics are predictable 
and repeatable, and it may be used either in conjunc¬ 
tion with an automatic noise-figure meter or with its 
own power supply and indicating meter for manual 
noise-figure measurements. 

A recent article 1 described the use of diode noise 
sources with automatic noise-figure meters and indi¬ 
cated that many homebuilt sources could be used 


fig. 1. Basic circuit of a 
temperature-limited 
diode noise source. 





with the Hewlett-Packard models 340A, 340B, and 
342A. The article also stated that most, if not all, of 
these noise sources were unsatisfactory because of 
their high VSWR at frequencies above 250 MHz or so. 
Described here is a noise source, using the Sylvania 
5722 diode, which is patterned after the Hewlett- 
Packard Model 343A VHF Noise Source, and which 
appears to be comparable to that commercial unit at 
frequencies up to at least 450 MHz. 



The noise source may also be used to make manu¬ 
al noise-figure measurements by either the twice- 
power or Y-factor method. Either technique requires 
a fixed plate supply and a variable filament supply, 
with an appropriate plate-current meter. In the past it 
has been normal practice to vary the diode filament 
voltage by means of a small variable auto-trans¬ 
former or a power rheostat. Such control devices 
change voltage in discrete, albeit small, steps. This, 
coupled with voltage changes in the primary power 
source, make it difficult to establish and then to 
maintain the desired diode plate current. W6GXN 
described an improved power supply which mini¬ 
mized the problem. 2 This article will present an up¬ 
dated version of his approach, using modern solid- 
state techniques. 

diode noise source 

To understand how a temperature-limited thermi¬ 
onic diode is used as a noise generator, we must start 
with the basic concepts of noise power. A resistance 
at a temperature other than absolute zero generates 
across its open-circuit terminals a voltage which is 
caused by the random motion of free electrons. This 
noise voltage, e n , is infinitely broadbanded and de¬ 
fined by the equation 

e£/B = 4kTR volts 2 /unit frequency bandwidth ( 1 ) 

where 

k = Boltzmann's constant 
1.374x 10~ 2 ljoule/°K 
T = absolute temperature in °K 
R = resistance in ohms 
B = bandwidth, in Hz, of device 
under test 

Since our treatment of noise deals with receivers 
or amplifiers of finite bandwidth, eq. 1 is usually writ¬ 
ten as 

e 2 = 4kTRB (2) 

When resistance R is connected to a matched load 
resistance, Rl (equal to /?), maximum transfer of 
noise power will result. The noise power, P ni 
dissipated in the load will be 



4kTRB 

4R 


kTB 



By Robert S. Stein, W6NBI, 1849 Middleton 
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Eq. 3 defines the available noise power from 
resistance R. 

Although its derivation is beyond the scope of this 
article, effective input noise temperature, T e , is 
defined as 


where 

Tih 

Tic 

Y 


T — Tjh YTj c (4) 

Ie Y-l 

hot input noise temperature in °K 
cold input noise temperature in °K 
ratio of hot output noise power to cold 
output noise power 


In the case of a temperature-limited thermionic 
diode (fig. 1), shot-noise current, i n , can be deter¬ 
mined from the equation 

ii = 2qIB (5) 

where 

q = electronic charge, 1.600 x 10~ 19 
coulomb 

I = dc plate current in amperes 
B ~ bandwidth, in Hz, of device under test 


The total available noise power, P n , from a diode 
noise source is the sum of the diode shot-noise 
power and the terminating resistor noise power. 
From eqs.3and 5, 

P n = JL (2qIB) + kTB (6) 

4 


This equation can be factored and rearranged as 


p " = ^[(f)(?) +r J 

Since 

q = L600X10- J9 = 1U448 

k L374 x 10~23 

then 

P n = kB(3822IR + T) 

If, in eq. 3, the temperature is T^, then 

kT ih B = kB(5822IR + T) 
or 

T ih = 5822IR + T 


(7) 

( 8 ) 

(9) 

( 10 ) 

( 11 ) 


where is the noise temperature of the noise diode 
with its load resistance, R, at a temperature of T. 
Thus when / is zero, is equal to T. 

The excess noise ratio, ENR f is defined as the ratio 
of the available noise power at temperature T in ex¬ 
cess of that available at a standard temperature (T 0 ) 
to the available noise power at T 0 , and is expressed 
as 


ENR 


kTB — kT 0 B 
kT 0 B 


T- T, 


o 


o 


( 12 ) 


At a standard reference temperature of 290°K, 


ENR = T 290 

= T -1 

(13) 

290 

290 

_ — _ _ A. * n . 

5822IR + T , 

(14) 

° r ENR = 290 ~ 1 =: 

290 1 

= 20.08IR + -I- 

290 

~ 1 



Since the term. 1 .... is the noise power contribution 

290 

of the load resistor, if a temperature of 290°K is used 
for the load, eq. 14 reduces to 

ENR - 20.08IR (15) 

If R equals 50 ohms and I is expressed in 
milliamperes, 

ENR = / (16) 

and ENR dB = 10 log I (17) 

Note that this commonly used equation is predi¬ 
cated on the temperature of the load resistance being 
290°K (17°C or 62.6°F). In actual practice, the load 
resistance temperature may be as high as 310°K 
(37°C or 98.6°F). In this case, the excess noise ratio 
will be lower, yielding receiver noise-figure measure¬ 
ments which are higher than the true noise figure. 
The corrections for these errors are plotted in fig. 2. 

A schematic diagram of the actual temperature- 
limited diode noise source is shown in fig. 3. You will 
note that the output circuit is considerably more 
complicated than those used in most of the previous¬ 
ly published designs. 2 * 5 It is this output circuit, prop¬ 
erly arranged physically, which makes this noise 



fig. 2. Temperature corrections for a temperature-limited 
diode noise source (courtesy Hewlett-Packard Company}. 
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fig. 3. Schematic diagram of the diode noise source. Pin 
connections shown at PI are those for a Cannon WK-5- 
22C-5/16 connector used to mate with a Hewlett-Packard 
340B, 342A, or modified 340A Automatic Noise Figure 
Meter. 

source comparable to the Hewlett-Packard model 
343A. 

The diode output circuit must theoretically satisfy 
two requirements: it must present a 50-ohm impe¬ 
dance <1:1 VSWR) to the receiver connected to the 
output connector, and it must present a load to the 
diode which results in a constant ENR over the 
usable frequency range, in practice, however, it ap¬ 
pears that these two conditions cannot be satisfied 
concurrently, and, as in all designs, a compromise 
must be reached. The compromise in this case is to 
keep the VSWR as low as possible and to permit the 
ENR to change over a portion of the frequency 
range. The rationale for this is simply one of a known 
factor versus an unknown. If the VSWR is other than 
1:1, the mismatch loss between the noise source and 
the receiver will be indeterminate. (Although noise 
power obeys all power-transfer laws, noise is random 
in phase; therefore the loss is ambiguous rather than 
known.) On the other hand, it is possible to deter¬ 
mine the ENR, although not to any precise degree of 
accuracy, so that measurements using a known 
value are possible. 

An expanded schematic of the diode output circuit 
appears in fig. 4. The numbered components corres¬ 
pond to those shown in fig. 3, while those having 
letter subscripts represent the distributed reactive 
components, as follows. Cpj is the plate-to-filament 
capacitance of the tube; Lp is the series inductance 
of the tube structure and tube pins; L s is the series 
inductance present in R1 and the plate pin connec¬ 
tors; and C s is the shunt capacitance of the tube 
socket and/or C6. 

If R1 and L3 are both replaced by shorts, and C7 is 
removed from the circuit, there will be a steep rise in 
the ENR to a resonant point, as shown on curve A of 
fig. 5. The VSWR at 432 MHz with this configuration 
will be about 3.5:1. K2PEY, in his circuit,^ damped 
out this resonance by adding a 51-ohm series resistor 
(R1), resulting in curve B. However, the VSWR was 
still approximately 1.5:1 at 420 MHz according to his 
article, and about 1.8:1 at 432 MHz by measurement. 


W8BBB modified the circuit further by adding L3 
in series with R2. Since his article provided no figures 
on ENR or VSWR, 4 there is no basis for its compari- 
sion with the earlier configurations or with the one 
presented at this time. 

Incorporating R1, L3, and C7 in the circuit results 
in curve C of fig. 5. It can be seen that the ENR has a 
rising characteristic with frequency, but the VSWR is 
less than 1.2:1 at 432 MHz. Thus, we have achieved 
a low VSWR, but at the cost of having an ENR which 
changes with frequency. As previously stated, how¬ 
ever, we know the ENR to a fair degree of accuracy 
and we have minimized the indeterminate mismatch 
loss. 

The noise source is enclosed in an 83 x 54 x 41 mm 
(3-1 /4x 2-1 /8x 1-5/8 inch) aluminum utility box. 
Two methods of mounting and making connections 
to the 5722 noise diode are presented, both of which 
have proved to be equally usable. 

If suitable VSWR-measuring equipment is available 
(either a network analyzer or a slotted line and SWR 
indicator), the method shown in fig. 6 is preferable, 
since it permits optimization of the noise-source 
VSWR by adjustment of capacitor C6. The tube is 
mounted by means of a 19-mm (3/4-inch) diameter 
wrap-around plastic clamp positioned so that the 
cable tube pins pass through a 16-mm (5/8-inch) 
diameter hole in the shield plate. The cable clamp is 
attached to the enclosure by means of a metal stand¬ 
off post. Connections to the tube are made via con¬ 
tacts which have been removed from a 7- or 9-pin 
miniature tube socket and slipped over the appropri¬ 
ate tube pins. 

If you are unable to measure the VSWR of the 
noise source, use a standard 7-pin, saddle-mount, 
mica-filled phenolic tube socket, from which the 
center ground post and the contacts for pins 2 and 5 
have been removed; mount the socket on the shield 
plate. Do not use a black Bakelite or ceramic socket, 
or one which has a shield base. The added capaci¬ 
tance of the mica-filled phenolic socket is just about 
optimum at 432 MHz, so capacitor C6 can be 
omitted. 

Other than the mounting and the elimination of 
C6, the socket method of construction follows that 

Lp f-s flf 



fig. 4. Expanded schematic diagram of the diode- 
source output circuit. Numbered components corre¬ 
spond to those in fig. 3. Components with letter 
subscripts are explained in the text. 
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shown in fig. 6. In either case, mount the tube so 
that pins 3 and 4 are in a plane perpendicular to the 
bottom of the housing. To reduce the plate lead 
inductance, the contacts for pins 1 and 6 should be 
bent at right angles toward one another and soldered 
together. The usual vhf wiring techniques are 
required. Disc capacitors C3, C4, and C5 must be 
soldered directly between the tube pin contacts and 
the mounting plate, with lead lengths at an absolute 
minimum. Rf chokes LI and L2 are each ten turns of 
no. 26 (0.4-mm) or no. 28 (0,3-mm) enamel^covered 
wire, close spaced and air wound to approximately 
0.1 inch (2.5 mm) diameter. 

Although R2 is shown as a nominal 51-ohm 
resistor, its optimum value is 50 ohms. It is suggested 
that a resistor as close as possible to 50 ohms (meas¬ 
ured on a resistance bridge or accurate digital multi¬ 
meter) be selected. Five per cent, 1/4-watt carbon - 
film resistors are recommended for both R1 and R2; 
the application of heat when soldering to the neces¬ 
sary short leads of ordinary composition resistors 
generally changes their values. 

One lead of R2 is wound to form L3, a three-turn 
coil 2.5 mm (0.1 inch) in diameter and 5 mm (0.2 
inch) long. Except for this lead, all other connections 
to the plate of VI or to J1 must be made virtually 
leadless. C7, R2/L3, and C6 (if used) are all grounded 
to a solder lug attached to one of the mounting 
screws for J1. 

A shielded, two-wire cable, brought out of the 
housing through a neoprene grommet, is used to 
connect the noise source to either a Hewlett-Packard 
automatic noise-figure meter or to the noise-source 


CUffVC 

n\ 

L3 

C 7 

VSWR 

AT ASSMNx 

A 

0 

0 

CP 

9.0-/ 

0 

5/ 

0 

9 

1.8:1 

c 

5! 

*IO*H 

2.2pF 

< 1.2: i 



FREQUENCY - MMi 

fig. 5. Relative ENR of a diode noise source for various con¬ 
figurations of the output circuit shown in fig. 4. Ideally, the 
ENR should be unity over the entire frequency range. 
Curves A and B have been calculated, thus the dashed por¬ 
tions above the maximum usable frequency of 600 MHz. 
Curve C is representative of the Hewlett-Packard model 
343A and of the homebuilt noise source up to at least 
450 MHz. 



*— BRASS SHIELD 
PLATE 



fig. 6. Physical layout of the noise source. The shield plate 
on which Cl and C2 are mounted is made of brass with a 16- 
mm (5/8-inch) diameter hole to clear the tube pins or to 
accommodate a 7-pin miniature tube socket (see text). 

power supply unit. If the noise source is to be used 
with a noise-figure meter, the appropriate pin con¬ 
nections to a Cannon WK-5-22C-5/16 connector are 
shown in fig. 3. Otherwise, any convenient pair of 
mating connectors can be used on the noise-source 
cable and the power supply. Obviously, the male of 
the pair should be attached to the cable so that high 
voltage is not exposed on the power-supply con¬ 
nector. 

The 5722 diode generates a considerable amount 
of heat, which can affect the resistance values of Rt 
and R2. To minimize the heat within the housing, dis¬ 
card the U-shaped part of the utility box that mates 
with the half shown in fig.. 6. In its place, use a simi¬ 
lar piece made from perforated aluminum stock. This 
will retain the integrity of the shielding and will allow 
heat convection from within the enclosure. 

If VSWR-measuring equipment is available and C6 
has been included in the circuit, the VSWR of the 
noise source can be optimized. This can be done 
without applying filament or plate power to the 
diode. Table 1 shows the VSWR of several configu¬ 
rations of the noise source, with and without a tube 
socket. The frequency at which C6 should be adjust¬ 
ed depends on your preference. Adjusting C6 for 
minimum VSWR at 432 MHz results in a VSWR of less 
than 1.2:1 over the entire usable range of the noise 
source. If the VSWR adjustment is made at 000 MHz, 
the VSWR increases to slightly less than 1.3:1 at 432 
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MHz and is only 1.1:1 at 145 MHz. Since noise-figure 
measurements at 432 MHz would appear to be of 
greater import than at other frequencies within the 
range of the noise source, it is recommended that the 
VSWR be optimized at that frequency. When so ad¬ 
justed, the VSWR at the other amateur frequencies 
appears to be at least equal to that of the Hewlett- 
Packard model 343A. 

For those amateurs interested in tweaking to the 


diode noise source for manual noise-figure measure¬ 
ments appears in fig. 7. It consists of an adjustable, 
regulated switching supply for the filament of the 
5722 noise diode, supplied by transformer T1, and a 
simple half-wave rectified dc plate supply. High 
voltage is obtained from T2, a 12.6-volt transformer 
which has its low-voltage winding connected to the 
secondary of T1, thereby providing approximately 
115 volts ac for the plate supply. 


table 1. VSWR measurements for several configurations of diode noise sources. See text and fig. 3 for de¬ 
scription of configurations (second column). 


VSWR 




30 

50 

145 

222 

432 

500 

550 

unit 

configuration 

MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

1 

no socket. C6 and L3 optimized 
at 432 MHz 

1.04 

1.07 

1.12 

1.15 

1.03 

1.06 

1.14 

2 

no socket, C6 and L3 optimized 
at 432 MHz 

1.05 

1.09 

1.20 

1.19 

1.03 

1.12 

1.23 

2 

no socket, C6 optimized at 

300 MHz 

1.05 

1.06 

1.08 

1.08 

1.16 

1.27 

1.37 

2 

no socket, 06 optimized at 

222 MHz 

1.04 

1.04 

1.04 

1.04 

1.29 

1.41 

1.51 

3 

with socket, C6 omitted, C7 opti¬ 
mized at 432 MHz 

1.04 

1.06 

1.09 

1.14 

1.05 

1.15 

1.25 

4 

with socket, C6 omitted, C7 opti¬ 
mized at 432 MHz 

1.06 

1.10 

1.18 

1.22 

1.04 

1.12 

1.23 

5 

with socket, C6 omitted, no opti¬ 
mization 

1.07 

1.13 

1.23 

1.28 

1.14 

1.21 

1.33 

6 

with socket, C6 omitted, C7 opti¬ 
mized at 432 MHz 

1.05 

1.08 

1.13 

1.17 

1.09 

1.23 

1.34 


Hewlett-Packard 343A 

1.04 

1.05 

1.08 

1.06 

1.09 

1.14 

1.17 


Hewlett-Packard 343A 

1.02 

1.03 

1.05 

1.06 

1.12 

1.18 

1.23 


Hewlett-Packard 343A 

1.03 

1.05 

1.07 

1.08 

1.17 

1.16 

1.13 


ultimate, the inductance of L3 can be varied slightly 
by stretching or compressing the turns to minimize 
the VSWR. There will be some interaction between 
the inductance of L3 and the capacitance of C6, so 
that one will have to be readjusted if the other is 
changed. Alternatively, a trimmer capacitor can be 
substituted for C7 and its capacitance varied, in lieu 
of adjusting L3, to achieve the same results. Again , 
there will be interaction with the setting of C6, neces¬ 
sitating alternate adjustments of both capacitors. 

It can be seen from the figures in table 1 that even 
without VSWR-measuring equipment, careful con¬ 
struction should result in a noise source which is as 
good as, and probably better than, any which have 
been previously built (or described) by amateurs. 

The final VSWR must be measured with both 
halves of the enclosure assembled. If the VSWR in¬ 
creases when the cover half is in position, it will be 
necessary to drill an access hole in it so that the trim¬ 
mer capacitor can be adjusted with the cover in place. 

power supply 

The power supply circuit which is used with the 


The object of the power supply is to establish a 
constant diode plate current by controlling the fila¬ 
ment current and hence, the filament temperature. 
To accomplish this, op amp U2 is used to drive Q1, a 
Motorola MJE801 Darlington pair, which supplies 
current to the 5722 filament. A reference voltage is 
established at the inverting input of U2, derived from 
the regulated 5-vo)t output of U1 and set by R5, the 
diode current control. The diode plate-current return 
is through resistor R4 connected to the output of U1; 
a portion of the voltage drop across the resistor is ap¬ 
plied to the noninverting input of the op amp by 
means of the voltage divider formed by resistors R7 
and R8. 

Once the diode plate current has been set by 
means of R5, any change in plate current will result in 
a change in voltage at the noninverting input of U2. 
Since the sensing circuit is in the negative return of 
the power supply, an increase in current will cause 
the noninverting input to become more negative. 
The resultant decrease in the output of the op amp 
will lower the base current of Q1, thereby decreasing 
the diode filament current to compensate for the in- 
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crease in plate current. Conversely, if the diode plate 
current tries to fall, the noninverting input of U2 will 
become more positive. This will increase the output 
of U2, increasing the base current of Q1, and raising 
the diode filament current to negate the decrease in 
plate current. 

The thermal inertia of the diode filament intro- 


selected shunt. Three usable ranges, of 3, 10, and 30 
mA, have been incorporated; the maximum diode 
current is between 20 and 25 mA with the circuit 
shown. The values of the meter shunts (R12, R13, 
and R14) will depend on the internal resistance of the 
meter you actually use. R12 must be equal to the 
meter resistance divided by two, R13 to the meter 
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fig. 7. Schematic diagram of the noise-source power supply. The values of R12, R13, and R14are discussed in the text. Film resis¬ 
tors may be deposited carbon or metal. The meter range switch must be a shorting type to protect the meter when the switch is 
rotated. 


duces a considerable time lag between the time that 
an error voltage is detected and the time that the fila¬ 
ment current is compensated. Therefore the op amp, 
instead of operating in a linear mode, functions more 
like a comparator in that its output switches between 
a level equal to the voltage on pin 4 and about 1.5 
volts less than the voltage on pin 8. The op amp out¬ 
put and the diode filament current are a series of rec¬ 
tangular pulses whose frequency varies between 
approximately 500 and 1000 Hz and whose duty cycle 
also varies; both the frequency and duty cycle 
depend on the setting of the diode current pot. 

Zener diode CR6, connected between the base of 
Q1 and the diode filament return, has been incorpor¬ 
ated to clamp the base voltage, and hence the diode 
filament current, to a safe value should there be any 
failure in the regulating circuit. Since the peak-to- 
peak amplitude of the voltage at the base of Q1 must 
be very close to 6 volts in order to obtain 20 to 25 mA 
diode plate current, a five per cent zener diode has 
been specified to preclude clamping at too low a 
voltage. 

The positive side of the diode plate supply is 
returned to ground through a 1-milliamp meter and a 


resistance divided by nine, and R14 to the meter 
resistance divided by twenty-nine. 

power supply construction 

The power supply can be housed in any conveni¬ 
ent enclosure and can be built in the same way as 
any conventional power supply. Only a few precau¬ 
tions need be observed. The negative terminal of 
plate-supply filter capacitor C9 should be returned 
directly to the transformer winding, and the negative 
side of the filament-supply filter capacitor C8 should 
be connected directly to the negative terminal of the 
bridge rectifier. Otherwise excessive ripple can 
appear in the outputs. 

Transistor Q1 must be mounted on a heatsink 
which is insulated from chassis ground, or it must be 
insulated from a grounded heatsink by means of a 
mica or plastic insulator. If chassis-type construction 
is used, the chassis can serve as the heatsink. Other¬ 
wise, a heatsink having a radiating area of approxi¬ 
mately 65 square cm (10 square inches) should be 
satisfactory. Be sure to apply a thin coating of sili¬ 
cone heatsink compound to the heatsink side of the 
transistor, and to the insulator if one is used. 
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fig. 8. Test setup used to determine the test-receiver noise 
figure by means of a hot-cold noise source. 


As mentioned previously in the discussion of the 
noise source, J2 can be any female connector which 
will mate with the noise-source cable connector. 
Inexpensive types, such as the Amphenol 91-MPM3L 
for the noise-source cable and Amphenol 78-PCG3 
for the power supply, are more than adequate. 

A word about the meter is in order. Since the 
accuracy of the noise-figure measurement is a func¬ 
tion of the accuracy with which the diode current is 
measured, a high-quality meter should be used. The 
accuracy of shunt resistor R12 is equally, if not more, 
important. (R13 and R14 are of lesser importance, 
since the accuracy of noise-figure measurements on 
these ranges is generally not critical.) If possible, the 
accuracy and tracking of the 3-mA meter range 
should be checked against a milliammeter of known 
accuracy. 

One way of trimming R12 to the proper value is to 
use a one per cent metal-film resistor whose resis¬ 
tance is the closest value higher than one-half the 
meter resistance. Then shunt the metal-film resistor 
with higher-value composition resistors (starting at 
about ten times the one per cent value) until the 
meter reading is correct. 

After double checking the circuit, connect the 
noise source to the power supply. Set the diode cur¬ 
rent control for minimum current and set the meter 
range switch to its 30-mA position. Energize the 
power supply and slowly increase the diode plate 
current by means of the diode current control. The 
current should increase smoothly from zero to a max¬ 
imum of between 20 and 25 mA. If a plate current of 
at least 20 mA cannot be reached, it is likely that CR6 
is limiting the base voltage of Ql. Reduce the plate 
current to zero, turn off the power supply, and dis¬ 
connect one side of CR6. Then turn on the power 
supply again and increase the diode plate current to 
its maximum. If the plate current is now higher than 
could be obtained with CR6 connected, another 
zener diode should be used which has a slightly high¬ 
er zener breakdown voltage. Alternatively, the exist¬ 
ing zener voltage can be increased by about 0.6 volt 
by connecting an ordinary silicon diode in series with 
CR6; the diodes should be connected anode-to- 
anode. 

If current limiting is not being caused by the zener 
diode, check the various voltages throughout the 


power supply. They should approximate the values 
listed below. Except for the output of U1, a 20 per 
cent variance in voltages can be expected because of 
component tolerances, especially in the transformers. 

voltage measurement at 

measure across 1 mA plate current 20 mA plate current 


T1 secondary 13.3Vac 12.4 Vac 

T2 secondary 113 Vac 88 Vac 

R3 0.9 Vdc 1.5 Vdc 

C8 13 Vdc 10 Vdc 

U1 output 

{to common) 5.0 Vdc 5.0 Vdc 

CR6 6.2 Vp-p 6.2 Vp-p 

VI filament 4.4 Vp-p 4.7 Vp-p 

R11 123 Vdc 72 Vdc 


The voltages across CR6 and the filament of VI 
must be measured using an oscilloscope because 
they consist of rectangular pulse trains. Use extreme 
care when making such measurements, since the 
scope ground connection will be elevated from the 
power-supply chassis ground by the plate-supply 
voltage. 

The two characteristics of the noise source which 
required evaluation were the VSWR and the ENR. 
The former presented no problem, since suitable 
VSWR-measurement equipment was available. 
Table 1 shows the VSWR of six of the homebuilt 
noise sources at various frequencies between 30 and 
550 MHz. For comparison purposes, the measured 
VSWR of three Hewlett-Packard model 343A noise 
sources are also included. It can be seen that the 
comparison is favorable, especially at the amateur 
band frequencies of 432 MHz arid below. 

Measuring the excess noise ratio is another matter, 
however. Short of sending a unit to the National 
Bureau of Standards, or equipping a primary stan¬ 
dards laboratory, there is no way to measure the 
noise output quantitatively. As derived earlier in this 
article, the theoretical ENR of a temperature-limited 
diode, when terminated by a resistive load at the 
standard reference temperature of 290°K, is nearly 
equal to 10 log I in a 50-ohm system, where I is the 
diode plate current in midiamperes. 

While we might accept this expression as an abso- 
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lute value at frequencies below 30 MHz, we know 
from experience and from Hewlett-Packard's specifi¬ 
cations for the 343A noise source that the ENR grad¬ 
ually increases above 30 MHz to the limit of the 
source's frequency range. (This frequency limitation 
results from the transit time of the electrons passing 
from cathode to anode becoming an appreciable part 
of the period at high frequencies, and from the series 
inductances shown in fig. 4.) 

Since there was no method by which the actual 
noise output of the diode could be measured directly, 
we resorted to measurement by transfer. While this 
is a far from ideal technique, it was the only feasible 
method, and provided us with usable data. The 
transfer method used was as follows. A hot-cold 
noise source and a precision variable attenuator were 
used in conjunction with a Hewlett-Packard noise- 
figure meter (in its manual mode as an indicator). 
The test setup is shown in fig. 8. 

The noise source comprised two 50-ohm termina¬ 
tions, one immersed in liquid nitrogen (boiling point 
at77.3°K) and one housed in a thermostatically con¬ 
trolled oven (temperature at 380°K). The VSWR of 
each termination was measured through the coaxial 
switch and found to be less than 1.02:1. The noise 
figures of four receivers, one each at 28, 144, 220, 
and 432 MHz, were determined by means of the test 
setup shown, taking into account the measured in¬ 
sertion loss of the coaxial switch (approximately 0.05 
dB at 432 MHz, and insignificant at lower fre¬ 
quencies). These noise figures provided the refer¬ 
ence for the transfer measurement. 

The noise figures of the same receivers were then 
remeasured, using six different homebuilt noise 
sources and two Hewlett-Packard 343A noise 
sources. In each case, the noise figure was deter¬ 
mined manually, by means of the twice-power meth¬ 
od, and automatically, using a Hewlett-Packard 
model 340A Automatic Noise Figure Meter; the test 
setups for these measurements appear in figs. 9 
and 10. 

The results of these noise-figure measurements 
were analyzed and plotted as errors in the ENR of 
each noise source, compared with the theoretical 
ENR of a temperature-limited diode. The results are 
shown in fig. 11, along with the nominal and speci¬ 
fied limits of the Hewlett-Packard model 343A ENR 



fig. 10. Test setup used to measure the test-receiver noise 
figure by means of an automatic noise-figure meter. 



fig. 11. Errors in excess noise ratios of six homebuilt 5722 
noise sources and two Hewlett-Packard model 343A noise 
sources, compared to theoretical noise power. Errors were 
determined by comparison with receiver noise figures 
measured using a hot-cold noise source. A positive error in¬ 
dicates output noise power in excess of the theoretical 
noise power; therefore a measured noise figure must be in¬ 
creased by the indicated error. 


error. It must be reiterated that the ENR error is the 
deviation from the theoretical low-frequency ENR, 
and is a normal and expected deviation. Our tests 
were made to determine the magnitude of the devi¬ 
ation. 

Analyzing the results of these measurements proved 
to be somewhat more difficult than performing the 
tests. At 28 MHz we expected the ENRs to be very 
close to the theoretical value. This proved to be the 
case for the manual measurements, but the auto¬ 
matic noise-figure measurements were generally on 
the high side, indicating a lower ENR than expected. 
The conclusion was that the error was in the auto¬ 
matic noise-figure meter, which is specified as 
having a possible error of ±0.5 dB. By way of com¬ 
parison, the milliammeter shown in fig. 9 was an ac¬ 
curate digital meter, the loss of the 3-dB pad had 
been checked at 30 MHz, and the noise-figure meter 
was used only as a reference indicator, so that any 
error in that instrument was eliminated by using a 
fixed meter reference reading. The trend of low read¬ 
ings in the automatic mode is continued at 144 and 
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220 MHz but not at 432 MHz, where both types of 
measurements yielded closely related results. 

Although one of the homebuilt noise sources pro¬ 
duced an ENR well outside of the expected range at 
220 MHz (for some unexplainable reason), the results 
seem to indicate that a homebuilt noise source can 
be constructed and can be expected to provide an 


lett-Packard automatic noise-figure meters are cali¬ 
brated, it follows that the ENR\ may be reduced to 
5.2 dB by reducing the diode plate current. The 
required value of current plotted against frequency is 
shown in fig. 12, and is included in table 2. By set¬ 
ting the diode current to the value indicated for the 
frequency of measurement, no ENR correction need 


table 2. Nominal corrections for temperature-limited diode noise sources at Amateur frequencies. 



ENR 

frequency 

accuracy 

(MHz) 

(dB) 

28 

±0.20 

50 

±0.23 

144 

±0.28 

220 

±0.30 

432 

±0.38 


NF 


correction 

ENR (dB) 

(dB) 

at 3.31 mA 

0 

5.20 

±0.13 

5.33 

±0.45 

5.65 

±0.65 

5.85 

±1.17 

6.37 


automatic noise-figure meter 
diode current (mA) to com¬ 
pensate for NF correction 

3.31 

3.21 

2.99 

2.85 

2.53 


ENR within the range specified by Hewlett-Packard 
for their model 343A. No attempt was made to apply 
a temperature or mismatch-loss correction, since the 
intent was a comparison between the homebuilt 
noise source and the Hewlett-Packard 343A. Both 
types of noise sources were subjected to the same 
possible receiver mismatch and were operated under 
identical environmental conditions. 

noise-figure measurements 

As previously stated, the noise source can be used 
in conjunction with its own power supply to make 
noise-figure measurements, or it may be used with a 
Hewlett-Packard model 340B or 342A Automatic 
Noise Figure Meter. It may also be used with a modi¬ 
fied Hewlett-Packard model 340A, as described in 
reference 1. The techniques employed in automatic 
noise-figure measurements are treated briefly in that 
article, and in detail in the Hewlett-Packard manuals 
covering such equipment. 69 The homebuilt noise 
source, when equipped with the appropriate power 
connector, can be considered as a direct replace¬ 
ment for the Hewlett-Packard model 343A at fre¬ 
quencies to at least 450 MHz. 

Table 2 summarizes, for the amateur frequencies 
of interest, the nominal noise-figure correction which 
must be added to the measured noise figure because 
of the noise-source ENR increase with frequency, as 
shown in fig. 11. The table also includes the accura¬ 
cy of the ENR, based on Hewlett-Packard's specifi¬ 
cations for the model 343A noise source and the 
measured equivalence of the homebuilt versions. 
Thus, this is the uncertainty of the corrected noise 
figure due to ENR only, but does not include other 
errors discussed in reference 1. 

Since the ENR is higher, at frequencies over 30 
MHz, than the nominal 5.2-dB value for which Hew- 


be applied to the noise-figure reading. Manual noise- 
figure measurements may also be made in conjunc¬ 
tion with an automatic noise-figure meter, as 
described in the previously referenced manuals. 

Manual measurements, using the power supply 
described in this article, can be made in one of two 
ways: the twice-power method and the Y-factor 
method. The former is the one most familiar to most 
amateurs, and will be covered first. Fig. 13 shows 
four configurations, in order of preference, for the 
twice-power noise-figure measurement. In each dia¬ 
gram, the "receiver under test" means any receiver 
or portion thereof (such as a converter or mixer) 
which provides an output at either an intermediate or 
audio frequency. If AGC is incorporated in the receiv¬ 
er, the AGC should be disabled and the rf gain control 



— N O «C K CD *1 O * o o 0*00 

~ — «\l IO * *> 

FREQUENCY - MHz 

fig. 12. Diode current required by a temperature-limited 
diode noise source to maintain a nominally constant 5.2-dB 
excess noise ratio (curve by J. R. Reisert, W1 JR). 
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set so that the receiver is not overloaded by the noise 
input. There should be a direct connection between 
the noise-source output connector and the loss pad, 
and between the pad and the receiver. This means 
no cables, and a minimum of adapters. 

The use of a loss pad with a diode noise source is 
not absolutely essential, but can minimize several 
problems. First of all, most receivers do not present a 
50-ohm input when optimized for a noise match. 
Because the rated ENR of a noise source is based on 
a 50-ohm load, there will be an indeterminate mis¬ 
match loss if the receiver VSWR is greater than 1.0:1. 
A 3 to 6 dB pad will not eliminate the mismatch loss, 
but may reduce it somewhat. 

A second reason for using a loss pad is to ensure a 
50-ohm source impedance for the receiver, since the 
VSWR of the noise source is not a perfect 1.0:1. Any 
tendency of the receiver to “take off" when looking 
into an impedance other than 50 ohms will be reduced 
by the use of a pad. 

In fig. 13A, the i-f output of the receiver under test 
is connected to a video or rf voltmeter (depending on 
the receiver output frequency), which is used only as 
an indicator. To terminate the 3-dB pad properly and 
present a constant load impedance to the receiver, 
the voltmeter must have a 50-ohm input impe¬ 
dance.* 

With the noise source off and the 3-dB pad out of 
the circuit, a reference reading is established on the 
voltmeter. The 3-dB pad is then inserted between the 
receiver and the voltmeter, the noise source is turned 
on, and the noise-source plate current is adjusted 
until the same voltmeter reference is obtained. The 
uncorrected noise figure (in dB) of the receiver plus 
the loss pad between the noise source and the 
receiver is equal to 10 log /, where I is the diode plate 
current in milliamperes. The uncorrected receiver 
noise figure is determined by subtracting the attenu¬ 
ation of the loss pad from the calculated noise figure. 
The receiver noise figure must then be corrected for 
frequency by adding the noise-figure correction list¬ 
ed in table 2 or, at frequencies not listed in the table, 
the nominal Hewlett-Packard 343A error shown in 
fig. 11. Note that the noise-figure accuracy is limited 
by the degree of uncertainty in the noise-source 
ENR, as indicated in table 2 and fig. 11. Other 
uncertainties in the measurement will be discussed 
later. 

The advantages of the circuit shown in fig. 13A 
are twofold: the measurement is independent of both 
the voltmeter calibration and any nonlinearity in the 

*A high-impedance meter can be converted to 50 ohms by means of a 50- 
ohm, feed-through termination, such as the Heath SU-511-50, Tektronix 
011-0049-01, Hewlett-Packard 10100C, or Systron-Donner 454. 



fig. 13. Pour test configurations for measuring noise figure 
by the twice-power method, shown in order of preference. 
In A and C, the measurement is independent of the volt¬ 
meter calibration. In A and B, the measurement is inde¬ 
pendent of the linearity of the receiver detector. 

receiver detector. Fig. 13B shows a similar setup, 
except that the 3-dB increase in noise power 
depends on the voltmeter calibration. In this arrange¬ 
ment, the voltmeter ideally should be a true rms type 
so its readings are proportional to the square root of 
the power. It need not have 50-ohm input impe¬ 
dance, but should be calibrated in dB, although the 
latter feature is not absolutely essential. An average- 
responding voltmeter cam be used with little loss in 
accuracy, but a peak-responding type should be 
avoided if at all possible, t 

tThe terms "average-responding" and "peak-responding" refer to the volt¬ 
meter circuit, not the meter scale calibration. The Hewlett-Packard model 
400D is a typical average-responding meter calibrated in rms volts. Volt¬ 
meters which employ rf probes, such as the Hewlett-Packard model 410B 
and the various Heath, Eico, and similar electronic voltmeters, are invari¬ 
ably peak-responding meters, with their meter scales also calibrated in rms 
volts. In alt of these instruments, the rms meter calibration is based on a sin¬ 
usoidal waveform, which is not valid for noise voltage. 
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When the arrangement of fig. 13B is used, a refer¬ 
ence reading is established on the voltmeter with the 
noise source off. Then the noise source is turned on 
and the diode plate current is adjusted until the meter 
reading is exactly 3 dB greater than the reference 
reading. (If the voltmeter does not have a dB scale, 
the diode current should be adjusted until the meter 
reading is exactly 1.41 times the reference voltage.) 
The noise figure is determined as described for 
fig. 13A. 

Figs. 13C and 13D correspond to the test circuits 
just discussed except that the audio output of the 
receiver is measured by means of an audio-frequency 
voltmeter. Both of these circuit configurations 
depend on the linearity of the receiver detector; for¬ 
tunately, most modern receivers use product detec¬ 
tors which are generally quite linear over a 3-dB 
range. The receiver beat-frequency oscillator must 
be on, of course, for the product detector to 
function. 

Noise-figure measurements are made exactly as 
described for figs. 13A and 13B. In fig. 13C, the 
impedance of the voltmeter need not be 50 ohms, 
but its impedance and that of the 3-dB pad must be 
the same. In some cases, it may not be convenient or 
even possible to disable the receiver AGC when mak¬ 
ing measurements in accordance with figs. 13C or 
13D. In view of the fact that the noise levels intro¬ 
duced are extremely low, the AGC in most, if not all, 
receivers will not be activated; so there is very little 
likelihood of any error occurring if the AGC cannot be 
disabled. 

The less familiar Y-factor method of measuring 
noise figure requires a precision variable attenuator, 
as shown in fig. 14. The resolution of the attenuator 
should be at least 0.1 dB, and preferably 0.01 dB, 
and must be of known accuracy at the converter out¬ 
put frequency. With the noise source off, the preci¬ 
sion attenuator is adjusted to obtain a convenient 
reference reading on the voltmeter. The noise-source 
plate current is then set to a value which corresponds 



meter readings with the noise source off and on. 



fig. 15. Noise figure plotted as a function of Y-factor for the 
nominal excess noise ratios of a temperature-limited diode 
operating at 3.31 mA plate current. 

to a known ENR, e.g., 3.31 mA, and the precision 
attenuator is readjusted to obtain the reference meter 
indication. The difference between the two attenua¬ 
tor settings, when converted from dB to the equiva¬ 
lent power ratio, is called the Y-factor, and is related 
to noise figure by the expression 

NF = ENR - 10 log (Y— 1) (18) 

where both the noise figure (NF) and excess noise 
ratio (ENR) are in dB.* Fig. 15 shows noise figure 
plotted against Y-factor (expressed in dB) for the 
nominal excess noise ratios obtained when the diode 
current is set to 3.31 mA. These curves obviously 
eliminate corrections because of differences in ENR 
at various frequencies, but are still subject to the 
uncertainty of the ENR tolerance. 

There is a third method of manually measuring 
noise figure which is not recommended, but which 
should be mentioned because of its past appearance 
in some publications. It entails inserting a precision 
variable attenuator between the noise source and the 
receiver under test, then determining the noise figure 
from the ENR of the source and the calibration of the 
attenuator. This method is generally inaccurate 
because of variations in attenuator accuracy with fre¬ 
quency, and because the load impedance presented 
to the noise source by the attenuator-receiver combi¬ 
nation may change as the attenuator setting is 
changed. 

measurement errors 

Some of the possible sources of error in noise-fig¬ 
ure measurements are already apparent from the pre¬ 
ceding discussion, especially that which is inherent in 
the noise source itself. However, there are addition- 

*This relationship is derived in eqs. 1 through 9 of reference 1. 
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ai errors which must be considered and which are 
discussed in greater detail in reference 1, These 
errors comprise the following: 

1, Noise-source accuracy, corrected for frequency 

* 

2, Noise-figure meter or power-supply milliam 
meter accuracy 

3, Receiver image-response error 

4, Temperature error 
B, Mismatch error 

If all errors are in dB, they accumulate additiveiy. 
Therefore, the total measurement error will be the 
sum of the above. This is an imposing list, and could 
total well over 1.5 dB if all errors were of the same 
algebraic sign. However, many of these errors will 
cancel because of opposing signs, and generally the 
accuracy of commercial test equipment is better than 
the limits of its specifications. Nevertheless, these 
possibilities of error are very real and cannot be 
ignored except for comparative measurements using 
the same equipment at one particular time. And even 
then, the mismatch errors between the noise source 
and different receivers under test still exist. 
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ground currents measuring 


in 160-meter 
antenna systems 

Several years of operating on 160 meters has veri¬ 
fied one thing for sure: The antenna is the name of 
the game. All the store-bought boxes and smooth¬ 
turning dials are useless without that super skyhook. 
This article describes an instrument that will tell you 
the behavior of rf ground currents in your antenna 
system: where it's going, how much, where the cur¬ 
rent divides, and the location of any conducting ele¬ 
ment within the instrument's field. 

top-band antennas 

Few Amateurs are lucky enough to have room for 
even a simple dipole on 160 meters. Such an antenna 
requires a length of at least 76 meters (250 feet) and it 
won't work too well as a DX antenna unless it's 30 
meters (100 feet) or more in the air. 

Loading a tower or short vertical antenna is often 
the best that space wiJ) allow. Many articles have 
been published on how to load this or that antenna 
on 160 meters and make it work. I've tried many and 
found that most have a common problem: ground 
losses. The shortest piece of wire that will resonate is 
Vi -wavelength long. That's 78 meters (257 feet) at 
1824 kHz. 

Shortened vertical antennas will work, but all verti¬ 
cals shorter than V 2 wavelength must use the earth 
as a mirror image to supply the missing portion of the 
antenna. A typical example is the %-wavelength ver¬ 
tical that works against its mirror image to produce 
the patterns you see in the Radio Amateur's Hand¬ 
book. The problem is usually found in the not-so-per- 
fect ground around your station. In most cases this 
lossy ground becomes part of your antenna system. 
This is particularly true for short verticals and invert¬ 
ed L antennas. These antennas are electrically in 
series with the lossy ground. Working with such an 
antenna can be frustrating; often you can hear well 
enough, but much of your transmitter power ends up 
heating the worms. 

Many of the better signals on 160 meters come 
from hams that have buried literally thousands of feet 
of copper in the ground to reduce these losses. The 
prospect of putting that much wire into the ground 


makes my back ache just thinking about it. Can't you 
hook onto your water pipes for some of that ground? 
How about the backyard fence? Would it help to 
drive a few ground stakes? All the mathematical 
gymnastics I could muster just didn't tell me where 
those ground currents actually went. What I needed 
was a device that would measure the rf current in the 
ground system and tell me where it was actually 
going, I finally built a device that does just that: it's 
called a magnetometer. 

the magnetometer 

The idea of a magnetic fieldstrength indicator is far 
from new. An article in the older ARRL Antenna 
Handbooks describes a less-sensitive model for high¬ 
er frequencies. The 160-meter instrument described 
here uses a six-turn link and full-wave rectifier to 
make the impedance match to the meter more effec¬ 
tive. Somehow the unit works better on 160 meters 
than on the higher-frequency bands. One reason is 
that it's harder to get a proper ground on 160 meters, 
and ground currents tend to be higher for longer dis¬ 
tances through every possible path. By using the 
magnetometer you can tell the relative current and 
direction in any wire near your antenna or ground 
system — or in your antenna itself, for that matter. 
You can locate a buried ground or radial by sweeping 



quantity description 

1 aluminum minibox, 102 x 128 x 77 mm (4x5x3 
inches) 

1 25-kilohm potentiometer 

1 0-30 or 0-50 microammeter 

4 germanium diodes (1M34 or equivalent) 

1 102-mm (4-inch) broadcast ferrite loopstick (about 6.5 

mm or % inch — round works best) 

1 365-pF variable 

1 0.1/iF disc ceramic 

1 terminal strip 

2 rubber grommets 

fig. 1. Schematic of the homebrew magnetometer. 


By Kenneth F. Carr, W0KUS, 1306 Gilbert 
Street, Charles City, Iowa 50616 
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the magnetometer over the area and watching the 
meter deflection. You can compare relative currents 
in different radials or grounds* 

In my basement, where the rf cur retd in the water 
pipes comes to a I intersection, I can measure how 
the current divides, if it does, and the relative cur* 
rents m each section of pipe. In my case, the gas pipe 
was a better ground than the water pipe! 

The magnetometer is not sensitive to the anten¬ 
na's radiated field. It is shielded from this field by the 
aluminum box and will not act as a field strength 
meter unless held perpendicular to a conductor car¬ 
rying rf current. The slot must be aligned perpendicu 
lar to a conductor to allow the magnetic field to reach 
the loops tick. 

It is tliis magnetic field that operates the device. 
Fifty watts of rf power into your antenna is usually 
enough to give a useful reading. (Do your testing 
during the daylight hours when 160 meters is quiet J 
A few minutes with the magnetometer will tell you 
exactly where your rf energy is flowing. 

Unless your antenna is textbook perfect, and few 
are, you're sure to get a few surprises, I checked 
WOMFL's station in this manner. Jim was using an 
inverted L antenna and loaded it through a series 
tuned capacitor. Although he had several ground 
stakes and many buried ground wires, some rf sfi/1 

Front view of the magnetometer. Small, inexpensive, and 
easy to build, this device traces one Of the most common 
problems on 160 meters: ground losses. 




Rear view of the magnetometer The slot must be aligned 
perpendicular to a conductor to allow the magneitc field to 
reach the foopslick Isee f ig. 1). 


flowed into the station. All pipes and the furnace air 
duel in the basement were bonded together and tied 
to fhe ground system. 

I still remember Jim's surprise when we found that 
he was loading his kitchen sink. It turned out that the 
soil pipe provided the best rf ground, and the only 
path to that was through the S trap under the kit¬ 
chen sink. Boy was it hot! 

] T ve used my magnetometer for about four years 
and have had nothing but good luck and fun with it. I 
sent a sketch to a couple of my 160-meter cronies, 
W9GDW and N0BD, Both report that it works well 
for them too. 

construction 

The best part about the magnetometer is that it is 
inexpensive, requires no power supply, and most 
hams can build it in one evening, often from parts in 
the junk box. Parts placement isn't critical, and I'm 
sure that any reasonable approximation of the sche¬ 
matic (fig. 1) will work. Use the most sensitive meter 
you can find and germanium diodes for best results. 
The Inopstick 1 used was made to operate in the 
broadcast band with a 365-pF capacitor. I removed 
about ten turns from the coil to obtain resonance in 
the 160-meter band. A grid dipper works well to 
check tuning range. The loopstick is mounted 25.5 
mm (1 inch) from the bottom of the mini box and 
about 19 mm [% inch) in from the back. Drill a 12.5 
mm (14-inch) hole in each side of the box at these 
points. Use a hacksaw to cut a slot from the back of 
the box down to the holes, I used rubber grommets 
to mount the loopstick. The pickup winding is a six- 
turn loop of hookup wire wound over the center of 
the loopstick winding, A few more holes and there 
you have it: another gadget that no serious 160 
meter antenna nut can live without. 

ham radio 
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New 2 Meter Avanti 
Mobile Antenna 

Mounts on glass — no holes! 

• Receive* end transmit* through glass, 

• Superior performance equivalent to 5/8 wave. 

• Superior radiation full Omni-Directional. 

It's easy to install - No holes to drill, no magnet to 
scratch the paint, no clamps Uses an especially 
developed epoxy adhesive that secures antenna to win- 
dow like a 1/4" bolt. The capacity coupling box is 

simply attached with a special adhesive tape to inside of .• 

window. Worried about crimping or corroding coaxial 
cables? It's all inside and out of sight, 

AH 151.30 SPECIFICATIONS 

Gai n E guiv All! ml | o 5/8 wavf 

2 melei V & W R Band Width Beltrr than l 5 1 

M-i m tm um pciw(*r 150 

Nominal Impedance 50 Gums 

Chrome plated casting. Stainless Steel hard*are. Swivel whip Holder See Avanti"S oth 

PaXmance and Meehan,cal Patenl. P„nrfm q *' antennas. Write I, 

Send 50c lor handling a 

Buy one from your nearest AVANTI dealer. If i^= 

your dealer does not have one in stock, have him • « 

call the following toll free number and we will V> — 

ship him one within 24 hours: 

Avan I i Researc : 

(800) 323-9429 - 


ANOLI 



capacity 

i CILIP1 iHG 

not 




See Avanti's other new amateur mobile and base 
antennas. Write for new catalog today. 

Send 50e lor handling and postage 


axxntV antennas 


Avan1 1 Research and Development, Inc., HR 
340 Stewart Ave., Addison, IL 60101 
'9*9 In Canada: Lenbrook, lnd, h Scarborough, Ontario MIH IH5 



__ HF/VHF/UHF 
f | PRE-AMPUFIERS 
_ J 28 MHz-1300 MHz 


PAt -series pre-amplifiers are I he ideal units to improve marginal 
receiver or converter performance 20 dB nominal gain and low low 
noise figure 

All untts complete with built-in regulated power supply and adjustable 
front panel gain control 

Prices range from $44.50 to S62.50 depending upon frequency 
Wnie for technical Puilelm A tOiO 


VHF/UHF 
TEST GENERATORS 
50 MHz-1300 MHz 




TGI ^series lest generators are crystal controlled small-signal sources 
ideal lor GN-THE-AIR lest simulation or antenna experimentation 
They are indispensable lor receiver or convener Iron! end 
alignment 

Power output, 10 mV nominal into a 50 ohm load Units require 1? 
Vdc source (Mat (urntshed) 

Prices range from $32 00 to $55.00 depending upon frequency 
Write lor technical bulletin A 101 1 


HERMES 



RESEARCH & DEVELOPMENT CO 

3997 Elkcam Boulevard Southeast 
St, Petersburg. Florida 33705 
(813) 823-1032 


June 1979 


Call or Write for Delivery or Quote 


ICOM IC701 
with AC/MIC 



ft J' 

tr - zLj 


LEAVE A MESSAGE & WELL CALL YOU BACK! 


ah D*ices ioh HQuSiort e#eepi where indicated Pore 1 1 moiett to thariqe 
without nolif.e all items guaranteed Some items subject t j r ( cjr sale Send 
teltprhead lor Dealer puce list tesas residents ,idn 5 taut please 
add postage Estimate J< 00 minimum W5GJ W5MBB K5AAD N5JJ 
AG5K W5VVM WOSEDt K5JD WA5IQU WfcSAYF K5RC K5BGB 
WS5USV 


MASTERCHARGE * VISA 


MADISON 


ELECTRONICS SUPPLY, INC. 

1500 MCKINNEY * HOUSTON, TEXAS 77002 

713/658 0268 


More Details? CHECK OFF Page 110 
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HIGH QUALITY & LOW COST 


The DS2000 KSR FROM HAL 


HAL design experience now makes it possible to offer you ar 
efficient- reliable* and cost effective terminal for your R i IY oi 
CW station. Investigate the new DS2000 KSR from the 
people who KNOW HOW to build RTTY and CW equipment 
See how you can get great performance and save money too? 

• integrated keyboard and video generator 

• 72 character line 

• 24 line display 

• 2 programmable "‘Here 1$' messages 

• Automatic carriage return and line feed 
9 QBF and RY test messages 

• Word mode operator i. full screen buffering 

• AII5 standard Baudot speeds 

• J JO and 300 baud ASCII 
9 CW identification at the touch of a key 

• Morse code transmit 

• Morse code receive fopfiona/J 
self tracking speeds from I 175 lepm on 
separate plug in circuit board 
(Available June , 1979J 

• AH In a convenient, small cabinet 
(14.Tx 9 25^x4.351 

Price: $449.00 

Optional Morse Receive Board; $149 00 
Optional 9" monitor: $150.00 


BIG PERFORMANCE 

SMALL SIZE.. .SMALL PRICE 

If you’re looking for an RTTY demodulator 
with great performance on both the HP 
and VHF bands, take a look at the ST-5000 
from HAL The use of active filters with no 
phase’lock loop or ‘single-tone* short-cuts 
ensure the kind of performance you ex¬ 
pect Full features in an attractive and con 
ventently small package make this demod¬ 
ulator a value that's hard to beat! 

• Hard limiting front end 
9 Active discriminator 

9 Active detector 
9 Wide and Narrow shift 
(850hz and 1 70hz} 

9 Normal and Reverse sense 
9 Autostart 

9 Self-contained high voltage loop supply 

• RS-232C voltage output (direct FSHI 
9 Audio tone keyer (AFSK) 

9 Provision for external tuning scope 
9 Attractive, small cabinet 
{2.75'*HxS”D x 12" W) 

• Fully assembled and tested 

Price: $225.00 



For more information call or write us at: 



HAL COMMUNICATIONS CORP. 

P.O. Box 365 
Urbana, IL 61801 
Phone:217-367-7373 


In Europe contact: 

Richter & Co.: Hannover 


1 E.C. Interelco; Bissone 


















the digiscope 


Eliminate a lot of 
expensive test equipment 
by using the digiscope, 

a self-contained 
test instrument for 
ttl circuitry 

If you experiment with or repair digital circuitry, 
this article is for you. Even if you don't, consider the 
fact that most new equipment contains at least some 
logic circuitry. Whether you're a digital expert or 
merely contemplating an upgrade of your trouble¬ 
shooting skills, you'll find the digiscope very useful. 

To understand my claim, look at a few digital 
basics. Logic circuitry uses only two levels of volt¬ 
age, and at times a dc voltmeter is all you need to 
find a problem or debug an experiment. Unfortunate¬ 
ly, voltage levels in many circuits don't stand still, 
and rapid level changes make the voltmeter almost 
useless. Professional technicians depend on the 
oscilloscope to see what is happening in such cir¬ 
cuits. The cost of a good oscilloscope may exceed 
the cost of the device you're trying to check* That's 
where the digiscope fits in. The objective is to pro¬ 
vide oscilloscope function at multimeter prices. 

You might be interested in how the digiscope 
evolved. Last year, several of our club members 
decided to built the frequency counter described by 


I Jim Pollock* 1 Naturally, some of the counters 
(including mine) didn't work on the first try. I had 
worked with digital circuitry previously and enjoyed 
helping with a few of the counters using an oscillo¬ 
scope for the repairs. As I used the scope, I began to 
realize that, for these types of circuits, oscilloscope 
functions could be approximated using inexpensive 
TTL devices. The result is that many more people 
could work with complex circuits without making a 
major investment in test equipment. 

oscilloscope functions 

To see how l have approximated an oscilloscope 
function, take a brief look at the digiscope features. 

1. A level indicator serves as a basic voltmeter by 
indicating a 0 or 1 level in the circuit under test, 

2. Pulse duration from 0.1 microsecond to 999 mil¬ 
liseconds can be measured, A variation of this fea¬ 
ture allows the measurement of time between the 
trailing edge of a pulse and the leading edge of the 
next. 

3, The length of time between the leading edges of 
two pulses at different circuit points can be 
measured, 

4 . You can defer the measurement of a pulse until 
after the occurrence of a pulse at another circuit 
point. This is similar to an oscilloscope's external 
sync. In addition, this measurement can be delayed 
for up to 99 milliseconds after the occurrence of the 
sync pulse, with a delay resolution of 0.1 millisecond. 
This approximates the oscilloscope's delayed sweep. 

By Tom Seevers, WB0CLH, 2133 Heather 
Lane, Lincoln, Nebraska 68512 
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5. Auxiliary gates are available on the front panel, 
including a latch to check for pulse occurrence or 
coincidence between two or three pulses. 

6. An event counter, inherent in the design, allows 
counting up to 999 events with overflow indication. 
Since some readers may not be familiar with the 
equivalent oscilloscope functions, I will include 
examples of digiscope use in circuit explanations. 

clock and display circuits 

Before looking at uses for the digiscope. I'll exam¬ 
ine the clock and display circuits, since they are the 
key to understanding basic digiscope functions. At 
the heart of the display circuitry is the 74143 TTL 1C 
which combines the functions of the 7490 and 7447, 
serving as a decade counter as well as a decoder for 
the displays. Three of the counters are used, permit¬ 
ting up to 999 counts with a latched overflow indica¬ 
tor. Input to the first 74143 is from the clock, with 
options of 0.1 microsecond, 1 microsecond, 0.1 milli¬ 
second, and 1 millisecond. 

The pulse to be measured acts as a gate for the 
counter, allowing clock pulses to be counted during 
the time the pulse being measured remains at a logic 
1 level. Initially, the counter is reset from the front 
panel. The next pulse to arrive allows counting. After 
the first ends, further counting is inhibited so that the 
display may be read. Input clock pulse options allow 
a measured range from 100 nanoseconds to 999 milli¬ 
seconds. Resolution varies from 0.1 microsecond to 
1 millisecond. A decimal point is displayed when 
necessary to indicate either 0.1 microsecond or 0.1 
millisecond resolution. 

The clock circuit and divider chain is almost identi¬ 
cal to that used in the WB2DFA 50-MHz counter 1 
referred to earlier. The only change is that a 10-MHz 
crystal is used to obtain 0.1-microsecond measure¬ 
ment resolution. Although oscillators of this type are 
usually recommended for use up to 1 MHz, the 10- 
MHz crystal has worked well. No starting or stability 
problems have been observed. Counting range 
is changed by selecting the required frequency 
via SI A. 

As an example of operation, consider the pulses 
shown in fig. 1. Suppose you would like to examine 
the pulses of fig. IB. To do this, connect the data-in 
test lead to the appropriate point, and set the range 
switch to 0.1 millisecond. Push the reset button to 
enable the scope. During the pulse time, pin 13 of U1 
(see fig. 2) is a 1 for its duration, or 10 ms. During 
this 10 ms, one hundred pulses from pin 12 of U4 are 
passed to the counter/display circuits. At the end of 
the 10 ms pulse time, the display is then held with 
100 displayed. SIB selects the necessary decimal 
point line causing the display to read 10.0 millisec- 


MtLUSeCONQS 

O 10 20 28 30 



TO Tt T2 12.8 T3 


fig. 1. Timing diagram of the two pulses used for ex¬ 
planation of the digiscope's circuits. The time scale is 
2 ms per division. 


onds, the length of the pulse. So that I may view the 
measurement, subsequent pulses are blocked, until 
the reset is pressed, so that the display may be read. 

Having measured the pulse width of fig. IB, you 
might be interested in the length of time between 
two consecutive pulses. To determine this, simply 
change S10 to the invert position and press reset. 
Fig. IB would now appear as a train of 30-ms pulses 
with 10-ms separation. Using the same circuitry, the 
scope would now indicate a pulse length of 30.0 milli¬ 
seconds. Other factors, such as rise and fall times as 
well as the existence of jitter, have not been deter¬ 
mined, however repeated measurements may help 
determine the extent of any jitter. 

one-shot/swallow circuitry 

Recall I said that after the measured pulse ends, 
further pulses would be ignored. This is accom¬ 
plished with U12A. The trailing edge of the measured 
pulse causes U12A to be set, pulling pin 13 of U10 
low which prevents subsequent pulses from passing 
through U10A. This condition exists until the reset 
switch is pressed. 

An interesting problem could arise when the scope 
is reset. Suppose that the instant after the reset line 
is grounded you're halfway through a pulse. An erro¬ 
neous measurement would be obtained. To prevent 
this, the scope discards the first pulse after reset, 
ensuring that a partial pulse is not used. After reset, 
pin 2 of U10 is low, preventing pulses from passing to 
the counters. The first pulse, whether partial or com¬ 
plete, is blocked with its subsequent trailing edge 
used to set U12B. Indirectly, this causes pin 2 of U10 
to go high. The second pulse is now successfully 
passed through U10A to the counters. By swallow¬ 
ing the first pulse, I ensure that only complete pulses 
are measured. 

external sync 

Examining pulses of uniform length is a fairly easy 
task. Unfortunately, the pulses may be of varying 
lengths, as illustrated in fig. 1A. By using the gating 
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method I have described, repeated measurements 
would randomly show pulses of 10 milliseconds and 
2 milliseconds. In our simple case, merely finding 
both pulses may be sufficient. A more precise 
method is to look for a pulse only at the time it 
should occur. 

As an example, suppose I want to measure the 
first pulse of fig. 1A. Note that this occurs after the 
pulse of fig. IB. By connecting the external sync 
input to the appropriate spot and placing the norm/ 
external sync switch in the external sync position, 
U16A is set by pulse C. The next pulse to arrive at 
data-in is pulse A, the one I want to measure. In the 
external sync mode, the pulse-swallowing circuitry is 
disabled by U13B. Since I know exactly when to 
expect pulse A, partial pulses are not a problem. 

delayed sync 

To illustrate the delayed sync logic, assume that 
you want to look at only pulse B in fig. 1A. To avoid 
random measurement, use the external sync feature. 
If pulse C began between T1 and T2.7, the external 
sync feature would be sufficient. However, what is 
needed is a way to use pulse C as the sync but delay 
the input until after pulse A. 

This cabability is provided by the delayed sync cir- 





fig. 2. At left, schematic diagram of the digiscope. The 
RESET switch simultaneously controls all reset functions. 
Above, the external inputs and conditioning circuits. 


PRECISION 
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fig. 3. Optional circuit to enable the operator to 
select smaller increments of delay time. 


cuitry. With the digiscope set up as in the last exam¬ 
ple, place S11 in delay position. Note that in the 
delay mode, setting U16A is still not sufficient for 
U13A to pass a signal; U16B must now also be set. 
This will occur at TO plus some amount of delay 
selected on the front panel. In this example, the 
delay switches are set for 20 ms. Thus, at T2, U16B 
will set, enabling pulse B to pass through U13A to 
the counter. In this example, pulse B could be 
selected with a delay ranging from 11 to 27 milli¬ 
seconds. 

The delayed sync logic allows me to enable meas¬ 
urement at a precise instant after the occurence of 
the external sync. This delay can range from 0.1 to 99 
ms. S4 selects delay increments of 0.1 or 1 ms. 
Counters U17 and U18 are responsible for delay tim¬ 
ing and are held at zero after the reset is pressed. 
When the external sync pulse arrives at U16A, U17 
and U18 are allowed to begin accumulating delay 
pulses. The desired delay is set into the thumbwheel 
switches. These switches present a BCD format to 
U19 and U20, where they are compared with the 
count in U17 and U18. When the count exceeds the 
amount set in the switches, a negative pulse is 
passed to U16B. This results in the set of U16B and 
the enabling of data-in. 

The precision of the sync delay circuit is very 
good, since it is based on the crystal-controlled 
clock. Accuracy however, is dependent on the reso¬ 
lution inherent in the delay range you have selected. 
Actually, the delay begins not at arrival of the exter¬ 
nal sync, but at the next clock pulse after external 
sync. Thus delay error could be from zero up to one 
unit of resolution. Any error always results in early 
expiration of delay. Suppose I select a 0.1-ms delay 
increment and set a delay of 4.6 ms in the thumb¬ 
wheels. Actual delay will vary between 4.5 and 4.6 
ms. For greater resolution, l could simply use smaller 
units of time in incrementing the delay counters. A 
circuit illustrating optional resolution of 1 or 10 micro¬ 
seconds is illustrated in fig. 3. It should be recog¬ 
nized however, that an increase in resolution reduces 
the total delay available. 
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Occasionally it may be necessary to measure the 
time between two pulses at different pins. As an 
example, I might wish to measure the time between 
the rise of pulse C and the rise of pulse A. To do this I 
would connect the pulse A line to the data-in jack, 
while the other point would be connected to the 
external sync input and S3 placed in the A-B posi¬ 
tion. S2 should be placed in the external sync posi¬ 
tion, S10 in the invert position, and the reset button 
pressed. When pulse C arrives, it will set U16A, 
which will set U14B. The Q output of U14B enables 
the counter input and timing begins. When pulse A 

„ t/4A 

-o^o- LI_Li — 

Si.01*' BLOW 


If I simply wanted to detect the existence of over¬ 
lap, a test latch circuit is available. It is composed of 
U10B and U9A. In this example, I could connect to 
any two inputs of U10B. Overlap would be indicated 
by the lighting of the test latch display at the output 
of U9A. This latch is reset with the reset switch. 

A totalize function is provided by S5. With this 
switch in the TOTALIZE position, front panel input is 
provided to the counters. External events, which are 
available as TTL pulses, can then be accumulated. I 
suggest using an accessory inverter to shield the 
more expensive counter chip from possible excessive 



o=i 

fig. 4. Schematic diagram of a sug¬ 
gested power supply for use with the 
digiscope. 


arrives at data-in, U12B is set. The 0 output of U12B 
resets U14B, ending the counting cycle. With the 
range switch set to 1 ms, 10 ms will now be dis¬ 
played. 

accessory circuits 

To assist in examining unusual situations, some 
accessory circuits are provided. These are simply log¬ 
ic gates with inputs and outputs extended to the 
front panel. U11D and U11E provide a basic logic 
tester. Connecting the tester input to another logic 
circuit will cause the appropriate front panel LED to 
indicate a 0 or 1 condition. Note that a 1 will be indi¬ 
cated if connected to an open circuit. Both 0 and 1 
will be lit if connected to a pulsing circuit or one with 
a faulty voltage level between 0 and 1. Each LED is 
mounted in a 14-pin socket next to the counter dis¬ 
play sockets. LED function is indicated by trans¬ 
parent lettering on a negative film placed between 
the bezel and the LED. The overrange and test latch 
indicators are also located in this socket. 

Also available on the front panel are AND, OR, and 
inverter circuits. These can be used to combine pins 
of a circuit for making tests not otherwise possible. 
An example would be measurement of the overlap of 
pulses A and C. I could connect the lines of fig. 1 to 
the front panel connections of U10. The output could 
be inverted using U11B. The output of U1 IB is then 
connected to data-in. If overlap exists, it can now be 
measured to the nearest 100 ns. 

*A drilled and plated set of circuit boards with additional instructions are 
available for $19.00 postpaid from RTC Electronics, Box 2514, Lincoln, 
Nebraska 68502. 


voltage levels. Accumulation can be reset at any time 
with the front panel reset switch. 

construction 

While building the digiscope I found it difficult to 
stop adding features. If you build this project, I think 
you'll find it a good idea to leave room for additions. 
For example, I think a good addition would be selec¬ 
table CMOS inputs for working on CMOS circuits. To 
facilitate this, I left some blank 1C positions on my cir¬ 
cuit board. While a circuit board is suggested, you 
could wire wrap this project; my original effort was 
done on plugboard and didn't seem to suffer too 
much from all the stray wire.* One note on the 10- 
MHz crystal is that not any crystal will work well in 
this circuit. I achieved the best results with a crystal 
obtained from Jan Crystals. A suggested power sup¬ 
ply is illustrated in fig. 4. 

conclusions 

The digiscope is an exciting approach to digital 
trouble shooting. It can give a way of working on 
complex circuits without expensive test equipment. 
If you are interested in digital circuits but don't know 
how to start, I suggest obtaining the TTL Cookbook . 
I know you'll find working with logic a lot easier than 
you expected. Whether you're new to TTL or a veter¬ 
an in logic circuits, I think the digiscope will be a val¬ 
uable addition to your workbench. 

reference 

1, Jim Pollock, WB2DFA, "Six-Digit 50-MH2 Frequency Counter," ham 
radio, January, 1976, page 18. 
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AC—DC Operation 

BNC Inputs 1 Meg Direct 50 Ohms Prescaled 

8 Large .4" LED Readouts 

Auto Decimal Point & Zero Blanking 


$ 149 95 


MODEL 500 HH 
50 Hz — 500 MHz 


MODEL 100 HH 
50 Hz — 100 MHz 

$ 99 95 


The 100 HH and 500 HH hand held frequency counters 
represent a significant new advancement, utilizing 
the latest LSI design . . , and because it's a DSI inno¬ 
vation, you know it obsoietes any competitive makes, 
both in price and performance. No longer do you have 
to sacrifice accuracy, ultra small readouts and poor 
resolution to get a calculator size instrument. Both 
the 100 HH and 500 HH have eight .4 inch LED digits 
— 1 Hz resolution — direct in only 1 sec. or 10 Hz in 
,1 sec. — 1 PPM TCXO time base. These counters are 
perfect for all applications be it mobile, hilltop, marine 
or bench work. (800— 

854-2049) (800-542-6253) 


COMPARISON CHART 



1 

SUG STO 

FREQUENCY 

TYPE OF 

ACCURACY OVER 

SENSITIVITY 

DIGITS 

PH E-SC ALE INPUT 
[ RESOLUTION 

MANUFACTURER 

MODEL 

LIST 

RANGE 

TIME GASE 

TEMPERATURE 

100 Hi - 
250 MHz 

50 MHz - 
250 MHz 

250 MHz - 
450 MHz 

No. 

SIZE IN 
INCHES 


PRICE 



17* - 40* C 

0* 40' C 

1 SEC 

1 SEC 

OSf INSTRUMENTS 

100 NH 

5 09 95 

S0hz-10GMHz 

TCXO 

1 PPM 

2 PPM 

25 MV 

NA 

NA 

a 

4 

100 Hz 

10 Hi 

CONTINENTAL SPECIALTIES 

MAX 50 

S B9 9S 

100Hz-50MHz 

Non-Compensated 

3 PPM @ 25*C 

a PPM 

100 MV 

NA 

NA 

0 

1 

100 Hz 

NA 

DSI INSTRUMENTS 

500 HH 

1149 as 

50ttz-550MHz 

TCXO 

1 PPM 

2 PPM 

25 MV 

20 MV 

30 MV 

a 

.4 

loom 

10 H: 

CONTINENTAL SPECIALTIES 

CSC-500 

$149 95 

1 kHz 550MHz 

Non-Compensated 

3 PPM @ 25* C 

5 PPM 

500 MV 

250 MV 

250 MV 

6 

1 

NA 

1 kHz 

OPTOELECTRONICS 

opwooo 

5139 95 

10Hz -600MHz 

TCXO 

1 8 PPM 

3 2 PPM 

NS 

NS 

NS 

7 

4 

1 kHz 

100 Hz 

L__ . 


100 HH 


+ **#*»#• 




500 HH _____ ...$149.95 

1 Year Limited Warranty Parts & Labor 
Factory Assembled in U.SA 



DSI INSTRUMENTS , INC. 

7924 Ronson Road. Dept. G 
San Diego, California 92111 


T-500 Ant, ... _ $ 7,95 

AC-9 Battery Eliminator.$ 7,95 

NiCad Batt Pack. .$24.95 

TERMS: MC - VISA AE Check MO- GOP in U S Funds 
Orders oulaldn ol USA 4 Canada, pi* as* 1 add $20 00 addittgnal 
lo cover an ebipmonf Can forma residents add Sates Ta* 

















Digital Frequency Control* 

... a Kenwood innovation (or maximum 

HF operating enjoyment! 


Kenwood's TS-IHllS with DFC Is an all solid- 
si dte HF irditcptvtfT designed for the DXer. 
tli* contest operator, amt dll other Amateurs 
who enjoy the 160 through 10-meter bands. 
The following features jiuht. beyond doubt, 
that the TS*I805 Is the c lassies! rig available! 

* Digital Frequency Control jDFQ, including 
logr memories and iruriudi scanning Memo 
nes are usable in transmit and or receive 
modes Memory shift paddle switches allow 
any of the memory frequencies to be tuned m 
20 Hz steps up or down slow or fast, with 
recall of the original stored frequency Its a I 
most like having lout remote VFQs 1 

* All solid slatr including the final No dipping 
or loading duxi dial up (be frequency, peak 
[hi* dr i vi, and operate* 

- I hqh power 2W l W PEP If >( I W DC input on 
1 UQ 15 meters, and 160 W PEP 140 W DC on 
10 Itleler (entire kind provided! Also covers 
more iliacj A11 kH/ above and below each band 
(MARS, WAHC. etc J and receives WWV on 

10 mu 

* Improved dynamic range 

* Adaptabk to all three pn.jposed (WAKCi bands- 

* Single conversion system with highly advanced 
PIT- circuit, using only one crystal with im 
pioved st ibihty and spurious ch at act or i sites 


* Built in ntfcroproteSSOr k oniititled large digital 
display Shows ntual VFO frequency and dtf 
fererue between VFO and MC memory 
frequency Blinking decimal points indicate 
"i >ul of band Monoscah* dial, loo 

* IF shift Kenworid's liimoii- 11 i, fi.isui Eumny 
that reduces QRM 

* Selectable wide and narrow CW bandwulih 
on receive (500 I \t CW filter is optional) 

* Automatic selection of upper and lower side 
hand jSSB NORM SSB RF.V swilch) 

* Tunable noise blanker (adjustable noise 
sampling frequency) 

* HI AGC (KGO which activates automati 
tally to prove ni overload from strong, local 
signals 

■ AGC (selectable last sinw/uff) 

* Dual HI 1 (VFO and memory, fix) 

* Three operating modes SSB, CW and FSK 

* Improved RF speech processor 

* Dual S5B filter (nphonab with verv, steep 
shape I actor to reduce nut of passband noise 
on receive 1 arid to improve operation nf RI 
speech processor ofi traHsmil 

* l J 8 VDC operation 

■ Also available is the TS 1805 withoul 
DFC. which still shows VFO frequency 
and difference between VFO and "hold" 
frequencies on the digital display 


* Full line id marching accessories, including 
RS30 base sun ton power supply, SP 180 ex 
ter nal speaker wtlb selectable audio filters. 
VFO 180 remote VFO AT 1 HO antenna tuner 
5WR arid power meter. DF 180 digital frequency 
i oniml YK HH CW Idler, and YK HKSSBIiltei 

All of these advanced features can be yours . 
and at an attractive price 1 Visit your local Autho 
nzed Kenwood Dealer and inquire about the ex 
citing TS 1805 with IIFC! 



Still available... 
Kenwood's TS-B 20 S HF transceiver. 




























































) 


wwwwww 


\ y. 


T < 

' '■ ' 




■r 





and requires no tuning! 


Exciting and perfect for car or 
ham shack use! But, there's more 
to say about the TS-I20S! This 
unique all solid-state HF, SSB/CW 
transceiver produces a hefty signal 
and also offers a lot of other great 
features in a very attractive, com¬ 
pact package, 

FEATURES: 

• All solid state with wideband RJ 
amplifier stages No final dipping or 
loading, no transmit drive peaking, 
and no receive preselector tuning' 
Jusf diof your frequency arid operate r 

• Five bands, plus WWV Transmits 
and receives on 80 75* 40* 20, 15. 
*ind a 11 of 10 meters...and receives 

WWV on 15 MHz 

• 200 watts PEP (160 watts DC) input 
on 80T5 meters. 160 watts PEP (140 
watts DC) input on 10 meters LSB t 
USB. and CW 

• Digital frequency display (standard) 
100-Hz resolution Six digits. Special 


green fluorescent tubes eliminate 
viewing fatigue. Analog subdial, too, 
for backup display 
IF shift (passband tuning), to remove 
adjacent frequency interference and 
sideband splatter 

Advanced PLL circuit, which dim 
mates need for heterodyne crystal 
element for each band PLL lock 
frequency* CAL marker signal, and 
counter clock circuit use single ref 
ere nee frequency crystal Simplifies 
circuitry, improves overall stability 
Also improves transmit and receive 
spurious characteristics 
Attractive, compact design. Measures 
only 3*4* high X 99^'mde X 13* / 
long, and weighs only 4.9 kg (117 
lbs.) A perfect size for conve 
n ient mobile operation and rug 
ged enough for either mobile or 
portable use Also has all the 
desired features for optimum 
ham shack operation at home 


* Noise blanker You'll wonder where 
the ignition noise went 
See the big littleTST20S rig and match 
ing accessories (VFO-120 remote VKO. 
SP 120 external speaker, PS 30 AC 
power supply* MB 100 mobile mount 
ing bracket, AT 120 antenna tuner and 
YK-88C CW Filter) at your nearest 
Authorized Kenwood Dealer 1 



STILL AVAILABLE ♦ *. 
KENWOOD TS-52Q5 

KENWOOD 

fXMriftto* rl tiirtOtrit* ifuint 

TRIO KENWOOD COMMUNICATIONS INC 

lilt WEST WALNUT COMPTON CA 90220 
















































































talking 
digital readout 

W 

for amateur 
transceivers 

Adapting the talking 
calculator’s synthesized 
voice to digital displays 
for the visually handicapped 

During a ragchew with Ted Albrecht, W91FJ, the 
subject of the talking calculator was brought up. This 
machine is manufactured by Telesensory Systems in 
Palo Alto, California, for the visually handicapped. 
We agreed that it would be most interesting if the 
talking calculator's synthesized voice were available 
separately. Perhaps it could be interfaced with digi¬ 
tal-readout equipment in general and Ted's in partic¬ 
ular. 

*Thi* S2A Speech Synihesize Module is available hum Telesensory Sys 
iems, Inc., P O Bo* 10099 Palo Alto, California 94304 Com^ct Mr 
Wladimir N Walkn. Speech Products Manager, (415) 493 2626, Unit price 
to hobbyists rs $95 00 


Happily, upon contacting Telesensory in Palo Alto, 
we found that the voice synthesizer module was 
available separately to hobbyists, and its numeric 
vocabulary was in standard TIL BCD code that 
already existed at the input of the 7447s in Ted's 
DD-1 Digital Display Unit. 

Ted's purchase of the English-speaking S2A 
module from Telesensory Systems* represented the 
committment necessary to get the project moving. 
Design of an interface between it and the DD-1 is the 
project this article describes. Much of the design 
should be credited to Tim Blank, WB9GYU r who is 
more knowledgeable of digital logic design than I, 
and who provided the assistance in debugging the 
assembled unit. 

rntefacing considerations 

Interfacing the voice with the six-digit readout 
involves changing the parallel (all-at-once) visual dis¬ 
play to a serial or sequential form, so that the digits 
from left to right are said in order with a minimum of 

I delay between words. It would be possible to clock 
across at regular time intervals if allowance for the 
longest word were made, but much wasted time 
would occur, so the clock approach was abandoned. 
Since each digit can be 0 to 9, or anything in 
between, four data lines of binary for each are 
required. To read the digits in sequence then requires 
that the first four digit data lines of the speech syn¬ 
thesizer module be sequentially connected to the 
four digit data lines coming from each digit of the vis¬ 
ual display. This adds up to twenty-four data lines 
between the DD J and the interface board! 

design 

The most reasonable approach was to use four 
eight-position multiplexers, one for each data line. 
They could be stepped by a binary address of three 
bits, from 0 through 7. The device that provides this 
address to the four 74151 multiplexers is a 74193, a 
most remarkable MSI chip (fig. 1). The 74193 can 
provide a four-line address with a capability of 0 
through 15, which would seem to be a problem. 
However, the 74193 can be reset after any given 
number of steps very readily. In fact, it can be told to 
skip a preset number of the initial steps in its output 
address. Its fan-out is about twenty, indicating no 
trouble in driving the multiplexers, so it seemed a rea¬ 
sonable basis for an interface. Since the 74193 could 
be told which addresses to provide, considerable 
imagination can be used in this aspect of the design. 

I decided to use the eight-position capability of the 

By Ray Brandt, N9KV, 824 North Marion 
Avenue, Janesville, Wisconsin 53545 
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fig. 1. Schematic of the talking readout. The 74193 provides the address to the four 74151 multiplexers. The inputs to the 74151s 
come from the designated pins of the 7447s in the frequency display. 


multiplexers, using the two spare positions to have 
the voice say POINT between megahertz and kilo¬ 
hertz, and between kilohertz and hertz, provided by 
the readout unit. Looking at the S2A vocabulary 
(table 1), it's necessary for the A, B, and E data lines 
to be high, so the A and B data lines were hard-wired 
in the 2 and 6 data positions. An additional circuit 
was designed to bring up the E data line in these 
positions only. 

A dual NAND gate will produce a 0 only when both 
inputs are a 1. Studying the address truth table 
(table 2) for what is unique about these two posi¬ 
tions of address, it's seen that B is, of course, a 1 for 
both 2 and 6 and adds to C for the 6 position. But 
looking again, B is uniquely present on only 2 and 6 if 
odd numbers involving an A can be ignored. This 
suggests the approach. Invert the A and we have a 1 
only for even numbers — use it for one gate input 
with the B data line on the other gate input. 

Now we have a 0 out of this gate on only the 2 and 
6 positions. Since we needed a 1, another section of 


the 7400 provides the inverter between it and the E 
data line of the S2A. 

Taming the 74193. Several conditions must be met 
for the 74193 to step along through its addresses in 
sequence, reset at the end of the sequence or sen¬ 
tence, and for its selected data to be presented to the 
speech module only: 

1. When it is valid data 

2. When the module is not busy saying the previous 
word. 

Consider first the data provided by the digital dis¬ 
play unit (see table 3). The count periods are a pre¬ 
cise, crystal-controlled, ten milliseconds each fol¬ 
lowed by 50-millisecond periods of stored display 
data, alternating about seventeen times a second 
between the two. We must accept data only during 
the storage time, or the readings will appear random, 
having been taken on the "fly" during a count. The 
waveform that defines these two periods is present 
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tabte t. S2A Speech Synthesizer vocabulary. 


data lines up 

none 

A 

B 

A,B 

C 

A, C 

B, C 
A,B,C 
D 

A, D 

B, D 
A,B,D 


speech 

OH 

ONE 

TWO 

THREE 

FOUR 

FIVE 

SIX 

SEVEN 

EIGHT 

NINE 

TIMES*MINUS 

EQUALS 


data lines up 

C,D 

B,C,D 

A,B,C,D 

E 

A, E 

B, E 
A,B,E 

C, E 

A, C,E 

B, C,E 
A,B,C,E 

D, E 


speech 

PERCENT 

LOW 

OVER 

ROOT 

EM 

TIMES 

POINT 

OVERFLOW 

MINUS 

PLUS 

CLEAR 

SWAP 


on pin 6 of the 7400 at the right edge of the DD-1 
board — the second chip from the back. It is in the 
logic 1 state during count, 0 during read. We want a 
signal that is up during the storage period. Since 
there was an unused section of this 7400, I made an 
inverter of it by connecting its pin 6 to 9 and 10, 
bringing out the desired signal to the interface board 
from pin 8. 

Interconnection hints. The grubby details of 
interconnecting with the DD-1 deserve comment. 
The picture looking into the top of the unit shows a 
small terminal board mounted at front right above 
the 7447s. The circuit was built from a small rectan¬ 
gular piece of circuit board stock, cross-hatched with 
a hacksaw to provide rows and columns for the data 
lines. The ventilating holes to the front and right of 
the power transformer were enlarged to accommo¬ 
date the twenty-eight interconnecting leads, leaving 
out the bottom of the accessory unit. I removed the 
mounting feet and replaced them with spacers, 
which fasten the DD-1 to the interface unit. 

The 100-Hz pushbutton of the DD-1 has a spare 
spdt section; the three leads added to it and the 
blanking output previously described are included in 
the harness. 

DD-1 mods 

To facilitate connection to the 7447 inputs and pro¬ 
vide the blanking output, it's necessary to remove 
the DD-1 from its case — not a trivial job. Take out 
the power transformer mounting screws, all screws 
mounting the circuit board, and remove the input 
connector, the knob, and bandswitch mounting. 
Push in the LEDs and the panel should lift out from 
the back. Make short connections to the added ter¬ 
minal board; the harness may be added after reas¬ 
sembly. A magnifying lamp and small iron and solder 
are essential. If you decide to drill any holes in the cir¬ 
cuit board, for gosh sakes hold the board up to the 
light first so you won't drill through conductors that 
may be on the other side. 


Modification of the DD-1 is the most miserable 
part of the project, but finding the patient well after 
all this surgery should buoy you up for the remaining 
pitfalls awaiting you. 

interfacing the speech module 

Now consider interfacing the speech synthesis 
module. The ROM of this unit is permanently stored 
with digital data which, when swept out by its inter¬ 
nal clock (roughly 12 kHz), produces an audio wave¬ 
form imitating the twenty-four words of its vocabu¬ 
lary. When properly filtered to reject the dominant 
clock frequency and amplified, acceptable speech is 
reproduced by the speaker. The complete program 
of the S2A is shown in table 1. (The unused words 
may come in handy when debugging the unit.) A is 
the least-significant bit; its pin is 7. B appears on 8, C 
on K, D on H, and E on pin F of its twenty-pin edge 
connector. 

If you're eager to try the speech board before fin¬ 
ishing the project, connect all the power leads and 
indicated ground leads, then tie all data leads either 
up or down (but don't leave them floating or you'll 
have problems). Pulsing the start line up with a clip 
lead, then back to ground, should produce the word 
you've coded into the speech board by the data line 
hookup you've chosen. 

The BUSY line goes to almost -10 when saying 
words, then goes back to +5 on completion. An 
emitter follower, with its emitter returned to ground, 
converts this to the TTL voltage swing required by 
the interface. 

event sequence 

Two latches are used in the control loop to guaran¬ 
tee the proper sequence of events. The left-hand 
latch normally passes on the information that the last 
word is complete. It then steps the address into the 
next position. However, when the D address line 
goes high for address 8 , the inverter opens the latch, 
no more steps are permitted, and the sentence is ter¬ 
minated. If the 100-Hz switch on the DD-1 is not 
depressed, the lower gate operates at address 6 , cut¬ 
ting the sentence two words short. 


table 2. Address truth table. 


multiplexer 
address position 

0 

1 

2 

3 

4 

5 

6 

7 

8 


multiplexer address lines 


A 

0 

1 

0 

1 

0 

1 

0 

1 

0 


B 

0 

0 

1 

1 

0 

0 

1 

1 

0 


c 

0 

0 

0 

0 

1 

1 

1 

1 

0 


D 

0 

0 

0 

0 

0 

0 

0 

0 

1 
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The right-hand latch has a logic 0 entering it at 
completion of a word, after the address has been 
stepped, which it passes along and inverts the next 
time a valid read period occurs from the DD-1. The 
latch Q output is inverted internally and serves as a 
start pulse to the speech module, telling it to GO 
while the data is valid. 

As IVe indicated, the unit normally stops talking at 
the end of a sentence; this is its initial condition with 
all address lines high. The pushbutton pulls down the 
74193 LOAD terminal, resetting it to the 0 address, 
so it runs through the permitted sequence to address 
8 and stops. 

Another feature of the 74151 involves the use of its 
preset capability* If all four preset lines are in the 0 
logic state, a down pulse on the LOAD terminal will 
cause it to go to the 0 address. If the A preset line is 
tied high, the reset will go to address t. If both A and 
B preset lines are tied high, while C and D are at 
ground, the unit will reset to address 3* 

This design permitted two useful features to be 
incorporated. When the DD-1 is presenting 160 , 80, 
or 40 meters, only one digit is needed to enumerate 
the megahertz. Spectronics connects all four data 
lines for the first digit high on these bands to cause 
the digit to blank out. But this presents an A, B, C f D 
to the S2A and it will say OVER in this first-digit loca¬ 
tion. Since the OD-1 reads only a 1 or 2 when it reads 
anything in the first-digit position, only the A and B 
data lines need be connected to the multiplexers. 
Connecting the C and/or D data lines to the A preset 
line will cause the program to skip that digit entirely, 
which will shorten the beginning of the sentence by 
one word. The designers of the 74193 must have had 
this in mind, wowl 

Rather than connecting directly to the preset line, 
however, I ran the C and D data lines through one 
section of a dpdt toggle switch so that both the A 



Back view with the cover of the DDT removed. The harness 
and circuit board are visible at the left. The harness enters 
the talking readout unit through an enlarged hole adjacent 
to the power transformer In the DD-1. 

its anode on the 74193 LOAD terminal and cathode 
on the sentence-terminator dock input of the left 
latch permitted the unit to AUTO-RUN, repeating 
however short or Hong a sentence were chosen, ad 
nauseam. It apparently provides a sufficient down 
pulse to the LOAD terminal to reset at the completion 
of each sentence. Really slick for an afterthought! 

The interface unit was built on a Radio Shack proj¬ 
ect board, about 102 mm {4 inches) square with a 44- 
pin edge connector printed on one edge. There are 
three rows where up to nine device sockets can be 
mounted as well as printed tabs permitting two or 
three connections to each chip terminal. Keeping the 
data lines in groups of four, along side of the connec¬ 
tor, makes tracing easier; the extra one or two can be 
at the end that didn't quite make it. 


cable 3. Relationship between the address, displayed frequency, and output of speech module 


DO-! display l 

4 

* 

2 

5 

0 

* 

3 

speech ONE 

FOUR 

POINT 

TWO 

FIVE 

OH 

POINT 

THREE 

address position 0 

1 

2 

a 

4 

5 

6 

7 


and B preset lines can be tied high in the other switch 
position (see fig, 1). The other switch position will 
delete the ONE FOUR POINT from the start of the 20- 
meter reading when desired; call it megahertz Delete, 

I guess. Shortening the sentence to just the three- 
kilohertz numerals takes only 3/8 as long to say, per¬ 
mitting more rapid checking while tuning around the 
band with the transceiver. This can, of course, be 
switched in and out. 

While playing around with the unit at this stage of 
development, I noticed that connecting a diode with 


Make a sketch and assign each 74151 a data-line 
letter: A, B, C, or D. One of each four data lines for a 
given digit will go to the same number pin of each 
74151, The first digit lines go to pin 4, second to pin 
3, third to pin 1, fourth to pin 15, fifth to pin 14, and 
sixth to pin 12. Pins 2 and 13 of the A and B multi¬ 
plexers go to +5 volts; the same pins of the C and D 
multiplexers go to ground as a part of the fixed deci¬ 
mal POINT at these address locations. 

Wiring can be completed, on the device-side of the 
board, l recommend about no. 24 (0,5-mm) stranded 
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power supply 



Internal view of the talking readout chassis. The speech 
synthesis module is in the center of the chassis, directly 
behind the speaker. The interface board has temporarily 
been removed from its connector. At the top of the chassis 
is the clock board which has been added to incorporate a 
talking clock feature. This unit will be described in a subse¬ 
quent issue of ham radio. 


wire as about the largest practical size to work with. 
The picture tells the story; it's a real birds nest! Use 
the bus down the center row of devices for ground; 
the other two for + 5 volts. The only reason for sig 


The power supply {fig. 2) is conventional and 
requires little comment. The +5 volt supply uses a 
6,3-volt, 1-amp transformer. I slipped in a half dozen 
extra turns over the existing secondary winding with¬ 
out tearing down the transformer so that its output is 
dose to 7 volts, providing adequate voltage for good 
regulation. The total load at 5 volts is about 300 mA. 
A small 300-mA, 12-volt transformer from Radto 
Shack is adequate for the light load of the negative 
supply. 

The case of the 7805 may be bolted to the chassis; 
the 7815 can be insulated with a mica or fishpaper 
shim. To realize a - 10 volts, the positive terminal js 
connected to the + 5 volt output; the negative com¬ 
mon will then be 10 volts below ground. The full 15 
volts of the negative supply is used by the LM380 
audio amplifier, so the speaker should be returned to 
the - 10 volt bus. 

some afterthoughts 

There are other ways of building this unit. Perhaps 
mounting the four multiplexers on a small board 
internal to the DD-1 would make things easier and 
minimize the interconnection problem. This 
approach shoulg permit a unit no longer than the 
DD-1 for the balance of the circuit, I hope this is only 
the first article on the subject. Good luck on your 
talking second operator! 



fig 2 Power supply schematic. Circuit is conventional. Parts are available from 

Radio Shack and Other popular suppliers 


nals getting where they shouldn't is solder bridges, 
and if they don't get there at all it's poor connec¬ 
tions. After installing all the devices, a couple of 
point-to-point checkouts with the ohmmeter are 
worthwhile. It boggles my mind to imagine this as an 
etched board perhaps someone will accept the 
challenge! 


Oh yes — should you desire to interface a visual 
readout with only the seven segment connections to 
the LEDs available for data, National Semiconductor 
makes the 86L25, which will convert seven-segment 
data back to the BCD mode. One would be required 
for each digit, of course. 

ham radio 
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Introducing—New, Low-cost, Fixed Vocabulary 

Speech Synthesizers 



for Computer Hobbyists 
or OEM use 

FEATURES 

• T wo 64 wo r d vocab 11 1 ar ies aval table 
-Full spoken Humeri' s plus a variety ot moasutemeni words 
-ASC11 characters numcrics, alphabet* punt tuaiion 

• C tear * h ighi v > n tel 1 1 q ib le male vo ice 

• All MGS LSI circuitry 

• 6 bit parallel strobed input 

• No ex l er rial locks req u i r ed 

• Inputs are T TL compatible Boards with numbers & 

• Analog Speech output signal calculator functions .. * 

• C usiom vocabular ies can be produced only.$95*00 ’ 

"Plus stale sales taxes whereapplicable 

TELE8ENBOPY SYSTEMS, INC. 

3408 Hillview Ave„ P O Box 10099, Palo Alto, CA 94304 
Telephone (415) 493 2626 





July 28 thru 


Have trouble finding time to study for 
Upgrading? 

Hu it on your vacation at the 

OAK HILL ACADEMY 
AMATEUR RADIO SESSION 

20 years of successful teaching 

Two weeks of intensive code ami theory 
starting at your level 

Classes from Novice thru Amateur Extra 

* Expert instructors 

* F rientl 1 v s u rro uml i n gs 

* Excellent Accommodations 


a L. PETERS* MDNJ, Director 

Oak Hill Academy Amateur Radio Session 

Mouth of Wilson, Virginia JM3G3 


» 

1 

L 


Name__ 

Address 

City/State/Zip. 


Call 


More Details? CHECK-OFF Page 110 



WHY BE BUGGED BY 
POOR PERFORMANCE? 

NOW AVAILABLE FROM 

~r£fr£at£r4 

CC9i^rC(ft'Ct'£w (?-?rSfivRs 

a cUdi&Co* al 

ct£aUc*£ 

£C£ctiaviicb 

C !N STOCK FOR 
/ IMMEDIATE SHIPMENT 

i t 


90 YOU C[ T «T 
VESSICE 1 M 




/■ O Box 7054 
Marietta. (Iforftm i(MkS5 



! I 


HUSTLER ANTENNAS 

ALL AMATEUR ANTENNAS 
MOUNTS/ ACCESSORIES 

ALSO DEALERS FOR: 

VHF ENGINEERING - HAMTRONICS 

WACOM - PHELPS DODGE 

JUST CALL AND ASK FOR NEIL OR JUDI 

(404) 971*2122 or outside ga. 800 241-4547 

We Accept 


kHUSILER 




JUl 
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an introduction to 

packet radio 


An interesting idea from 
our Canadian colleagues: 
computer time sharing 

over vhf links 
on the vhf bands 

If ever two hobbies were made for each other, they 
must be microcomputers and Amateur Radio. More 
and more hams seem to have taken the plunge and 
are starting up small computer systems. A logical 
outcome of this marriage of activities is that sooner 
or later the ham will wonder if he can't use the radio 
to send his computer information to his friends on 
the air. It can be done, and this article describes one 
of the best ways of doing it. 

time sharing 

Most computer users have been exposed to the 
time-shared computer. The computer is very fast, 
and the users require and generate information very 
slowly. If each user is connected to the computer by 
a separate line (fig. 1) or a radio link (fig. 2), then all 
the computer has to do is to check each line periodi¬ 
cally and divide the processing time among the 
users. Typically it might take 20 seconds to type in a 
line on your terminal and only a few milliseconds at 
most for the computer to process that data line. Time 
sharing permits each user to think he has the whole 
computer to himself. It also permits the computer to 


I act as an intelligent clearing-house for programs in 
which the users interact with each other. 

The next step is to look at the lines, or radio links, 
themselves. The line that took 20 seconds to type 
might contain 64 eight-bit ASCII characters, or 512 
bits of information — an average rate of 512/20, or 
about 26 bits per second. 

It's easy to send 2400 bits per second through a 
normal voice channel and it's theoretically possible to 
use much higher rates. So, if we were to store each 
line locally then send it in a short burst, it could be 
sent in about 0.2 second! More detailed estimates 
and calculations show that several hundred users 
could be accommodated on one voice channel. 

Also, because only one frequency (or two for full 
duplex) is used, newcomers can join the system easi¬ 
ly by getting onto that frequency without having to 
wait for new channels to be assigned at the com¬ 
puter. Now we have a time-shared radio link working 
with a time-shared computer (fig. 3). As we'll see, 
the time-shared radio link is useful by itself, without 
the central computer. Its major advantage is a huge 
saving of spectrum space (not to mention knowing 
what frequency to look on to find your friends). 

packets 

Each of the short bursts mentioned above is called 
a packet and most contain, in addition to the data, 
the identification of both sending and receiving sta¬ 
tions and some form of error checking, so that the 
recipient will know if the information is correct. If it is 
correct, the recipient sends an acknowledgment 
(ACK) to the sending station (a fully automatic proc¬ 
ess). Full details of the packet format appear below. 

Transmission of radio packets by Amateurs is now 
legal on several vhf and uhf bands in Canada. U.S. 

By Ian Hodgson, VE2BEN, 296 Malcolm 
Circle, Dorval, Quebec, Canada H9S 1T7 
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fig. 1. A wired time-sharing system requires separate con¬ 
nections for each user. It permits communications between 
users as well as computing functions. 


Amateurs may want to apply pressure to be permit¬ 
ted to send packets also. 

networks 

Although two stations can send packets back and 
forth, the method doesn't really come into its own 
until many users share a packet repeater (called a 
node). Many nodes can be linked (possibly by a geo¬ 
stationary satellite — this system may actually be 
working in a couple of years) to form a network (fig. 
4). Each packet contains its own address informa¬ 
tion, so the network can automatically forward the 
information to its destination. 

The first radio packet network in use was set up by 
the University of Hawaii and is called the Aloha net. 
It links terminals on several islands to a central com¬ 
puter on about 400 MHz. 


A better repeater is the store and forward repeater, 
which receives packets from one or more users, pro¬ 
cesses them, and forwards them to a central node, 
which would otherwise be too far away to access. If 
major cities had intelligent nodes, store and forward 
repeaters would make them accessible to users in 
outlying areas. 

Major nodes would likely be computer controlled 
to perform error checking, acknowledging, and rout¬ 
ing of packets between users. Ultimately, the node 
might be connected to a central computer with more 
power than the individual users could afford to have 
at home. You could have access to utility programs, 
a ham community bulletin board, repeater council 
data, a swap program, or even play multi-user space 
war instead of rag chewing. 

what else can it do? 

Any information that can be put into digital form 
can be sent through packets. This information 
includes RTTY, computer data, and even voice and 
TV pictures. Of course, data rates must be much 
higher for the last two modes. The packet system 
could be as easy, fast, and reliable for talking to 
hams a continent away as for talking across town on 
the repeater. 

how about details? 

Let's take a closer look at the details of the proc¬ 
ess. The packet format hasn't yet been finally decid¬ 
ed upon, but here's what we've been experimenting 
with (each byte is eight bits). 


the node 

The repeaters in a network may take several forms. 
They may be simple rf repeaters used to extend 
range, as we now use on two meters. This scheme, 
however, doesn't fully exploit the advantages of 
packets. 



fig. 2. Radio equivalent of a wired system. A different fre¬ 
quency and a separate transceiver at the computer are re¬ 
quired for each user. 


bytes contents 

1 packet initiation byte {hex A7) 

1 start of header (SOH, hex 01) 

6 destination call sign 

2 destination node 

6 originator's call sign 

2 originator's node 

1 service message flag byte (set to hex 41, A, for ACK) 

1 spare 

1 end of header (EOH, hex 04) 

2 CRC16 (this is a type of error check) for header 
(Everything above is the header) 

1 start of text (STX, hex 02) 

64 DATA (could be ASCII, binary or EBCDIC) 

1 end of text (ETX, hex 03) 

2 CRC16fordata 

91 bytes total 

Note that all packets must be the same length if 
the system is to operate efficiently (if you don't 
understand why, let's just say that it can be shown 
mathematically, and, even though I can do the fig¬ 
ures, I don't really understand either). 
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fig. 3. A packet network needs only one frequency and one 
main transceiver. In addition to computing power, the net¬ 
work offers flexible communications between users, a fact 
that Amateurs can put to good use. 


An ACK is simply the header from the received 
message with the originate and destination addresses 
interchanged and with the service byte set to indicate 
that it is an ACK. No data is included in an ACK. 

interference and ACKS 

It will undoubtedly come to pass that two users 
will, sooner or later, send their packets at the same 
time, thus causing total or partial loss of both. We 
can deal with this problem by using what's called a 
CSMA POSACK system. This acronym stands for Car¬ 
rier Sense Multiple Access Positive Acknowledg¬ 
ment. Here's how it works; 

You finish typing your line of data and hit 
"return," or whatever, to send the packet. Your sys¬ 
tem checks with your receiver, and if no signal is 
being received, the system immediately sends the 
packet. It then waits for a time of one packet length 



fig. 4. A packet network allows time-shared communica¬ 
tions between users and a variety of nodes. Nodes in 
various cities may be connected together by uhf links or 
perhaps by satellite. Not as far out as it seems, this scheme 
may be in operation within two years. 


for the ACK. If not received, the system waits an ad¬ 
ditional, random, number of packet lengths and tries 
again. The process is repeated three times. If still no 
ACK is received, the system returns a message to the 
sender, telling him that the transmission was unsuc¬ 
cessful. 

Why do we wait a random delay? If there were no 
random delay, and two stations sent their initial 
packets at the same time, then all three tries would 
collide. This way, they don't. 

When receiving packets, your system intercepts all 
packets regardless of their address. The system 
checks the destination of every packet, and if it's for 
you, the error check (CRC 16) is performed. If this is 
OK, the system immediately sends an ACK. Note that 



fig. 5, Three possible packet radio setups. The protocol con¬ 
trol unit may be used by itself to implement the packet pro¬ 
tocol, or it may be used in conjunction with a microcom¬ 
puter to allow computer information exchange between 
users. Alternatively, the microcomputer may be program¬ 
med to take care of the protocol itself, with some reduction 
in its availability for other purposes. 


ACKs have priority on the system, as all transmitters 
wait one packet length after each packet sent so the 
ACKs can get through. Also if a signal is present on 
the initial receiver check, the packet transmission 
from your station is delayed long enough so that the 
other station can be acknowledged. 

hardware 

Sounds complex? Well, it is. But don't forget how 
inexpensive complexity is becoming; witness the 
pocket calculator, which for less than $10 is more 
complex than everything else in your house put 
together. Here's what you really need: 

a. A vhf (220-MHz in Canada) transceiver (fm will 
do) 

b. A computer, Protocol Control Unit, or both 
(see fig. 3) 

A single-board microcomputer can form the Proto¬ 
col Control Unit (PCU) to implement all the above 
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details (these details are called the packet protocol ). 
It would require only about 2k of memory and could 
probably be built for less than $100, We are working 
on this too. In due course, these should be available 
commercially, but for now let's build our own. Full 
details of the final protocol will be published when 
available. 

what frequencies can I use? 

In Canada certain portions of some vhf bands have 
been set aside for packets: 


frequency 


(MH?I 

transmission mode 

220,1-220.6 

shared packet and other modes 

220 5-221.0 

shared wideband packet and other modes 

221.0 223,0 

packet only 

223 0 223 5 

shared wideband packet and other modes 

433 0 434,0 

packer only (wideband. 100 kHz. for repeater 
links) 

24,000-24,010 

shared packet and other modes 


Obviously the bulk of the activity is expected to be 
on 220 MHz. If you've looked at the low prices on 
rigs for that band, it seems like an excellent idea. 


how it all began 

in April, 1978, the Department of Communications 
(DOC) in Canada announced its intention of changing 
the regulations to permit only 'Packet Radio” (cries 
of, "What the devil is that?”} on 220-225 MHz. 
Amidst the horrified screams of many Amateurs, a 
few of us decided to have a closer took. We liked 
what we saw. With the close cooperation of the 
DOC, who modified their original proposal according¬ 
ly, we started experimenting with packets. The 
group doing most of the work is based in Montreal. 

One more thing to note. The Amateur Radio com¬ 
munity is the group that will develop this system on a 
low-cost, widely distributed basis. Our work will no 
doubt be closely watched by commercial interests, 
so let's earn our privileges as hams and contribute 
once more to the advancement of the state of the 
art, 
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Now you can really 
enjoy the challenge of work¬ 
ing that tough to work 2-meter 
DX. The all new Boomer 
3.2-A yagi gives 16.2 dBd 
forward gain. A high efficiency 
balanced feed system, with in¬ 
tegral balun, gives a clear, pre¬ 
cise pattern. The trigon reflector 
reinforces Boomers’ 24 dB front to 
back ratio, Boomer has that right 
combination of features which will give 
you long path DX capability or allow 
you to participate in tropo, sporadic E, 
meteor scatter and EME activities. 

The Boomer is designed to last with a 
large diameter round boom for more 
strength with less wind load. It has a re¬ 
versible truss support, high strength alumi¬ 
num mounting plates and all stainless 

steel hardware. 

When you install Boomer, you'll appreciate 
our typical attention to detail. Xou can throw 
away the hack saw and hand drill. Boomer 
has a detailed instruction manual, precisely 
cut elements, plus machined and finished 
components which need only pliers and 

screwdriver to assemble. 


When you are ready to move up to even 
higher gain, we have complete stacking kits 
with everything necessary to assemble two, 

four and larger yagi arrays. 

Stalk down to your local dealer (anywhere 
in the world) for full details on Boomer. 
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biquad bandpass filter for CW use 


The biquad bandpass filter has many advantages 
when used as a CW filter. First, the biquad can be 
adjusted to control both center frequency and £). Se¬ 
cond, the filter is very stable and will not break out in¬ 
to ear-shattering oscillations. Third, the filter can be 
built by hams like you and me. That is to say, the 
components are available at Radio Shack, the toler¬ 
ance of none of the components is critical, and no 
special test gear is needed. 

circuit description 

Fig. 1A shows the traditional circuit, which 
requires the plus and minus supplies. The advantage 
of this configuration over the single-voltage circuit is 
the capability to couple directly to the input and out¬ 
put of the filter. In addition, the op amp has better 
gain characteristics with the higher supply voltage. 

The single supply circuit is very similar (see fig. 
IB). Most references recommend providing a low- 
impedance dc return for the input circuit. For this 
reason, I avoided for a long time even trying the 
single-voltage supply. But my experiments with the 
/iA741 showed that the circuit does a remarkably 
good job. By providing half the supply voltage to the 
positive input of the op amp, all of the outputs are 
operating above ground. This is the obvious reason 
for needing the capacitive coupling on the output 
and input. The jiA741s will drive headphones direct¬ 
ly, but for general use, an amplifier speaker is recom¬ 
mended. 


By James M. Rohler, NODE, 1967 Bristol 
Drive, Bettendorf, Iowa 52722 


After a short period of experimenting, you will find 
the adjustable features useful. The Qis especially in¬ 
teresting, since it can be adjusted too high, causing 
ringing. Under some conditions, the narrower band- 






fig. 1. Schematic diagrams of the biquad active filter for 
dual supply (A) and single supply (B). 
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ROUTE 1. aox ID 
BROWNSVILLE, WIB 
93DOS, PH 14) 14^ 993-4001 


Z45 Rl. 46. Saddle BrooK, N.J 07662 
Phone: (201) 469-9000 


WE SUPPLY THE 
MATERIALS 


YOU HAVE THE 
FUN 

Tell us what you need 
Ask us about our custom 
antenna packages 


6061-T6 DRAWN 
ALUMINUM TUBING 


our fur 


AIRCRAFT* GRADE 
PLATED HARDWARE 

HIGH* STRENGTH 
FIBERGLASS SPREADERS 

STAINLESS* STEEL 

ELEMENT CLAMPS 

CALI OR WRITE FOR FREE 
INFORMATION 


ifiPur 


fig, 2 . Foil pattern for the active bandpass filter (above). The 
parts placement diagram is shown (below), 


width and ringing is a fair tradeoff for eliminating the 
QRM, 


components and construction 

Fig, 2 shows the foil pattern and parts placement 
diagram. If potentiometers are not desired, fixed 
resistor values can be determined from the following 
equations: 


2irCR 


G = R2/R1 (3) 

where j], is the center frequency in Hertz, 

B is the bandwidth in Hertz, 

G is the gain of the circuit. 

The (l is the reciprocal of the bandwidth 
times the center frequency. 

For single-supply operation, jumpers are used to 
connect the junction of die bias resistors to pin 3 of 
each 1C. In addition, pin 4 of each 1C is connected to 
ground. To use a dual supply, the pin 3s are connect 
ed to ground, and pin 4s to the minus supply. Also, 
in this case, the input and output capacitors and bias 
resistors can be eliminated. 
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LG36FAS55, 132- 
ISO MHz, 8 watts, 
local housing, 12 
volt, neg. gnd. 
supply, shipping 
weight 20 lbs. 
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LUNAR 

LINEARIZED 


F.O BOX 82183, SAN DIEGO, CA 92138 


RTTY for ALL Systems _ 

MODEL 402 


• Ideal for ground or roof mounts 

• One man can assemble and erect 

* Lightweight 

* High quality aluminum alloy 

These unique anienna lowers can be installed 
on The ground or roof Since they re easily 
Transported and site erected, they're a natural 
for field and portable operations 

Consiructed of sturdy aluminum alloy they re 
sturdy enough to handle large size HF beams 
and EME arrays as well Also available wild 
Optional stainless steel hardware for harsh 
environments 


• High stability 

• Modular and portable 

• Extremely rugged 
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pounds Tower sections are 72" high and 
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ELECTROCOM * “SERIES 400 ” 
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Professionally engineered for outstanding 
performance stabilily and reliability Ihe 
ElectrocOm u Models 400 and 40? add new 
dimensions ol cornpulibility between radio 
and teletypcwr tier systems Manufactured lo 
highest quality standards- an Elect rocom 
tradition for nearly two decades lhese units 
are ideal for military, government, commer¬ 
cial civil detense and amateur applications 
The Model 4Q0 front panel digital knob accu¬ 
rately selects shifts up to 1000 Hz s while two 
such knobs on the Model 402 independently 
set the mark and space frequencies Doth 
models may also be preset with any tone pair 
between TOGO and 3200 Hz 
Optimum perlormance with FSK or AFSK 
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QUARTZ CRYSTALS 


'INA HURRY 

SINCE 1970 
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2 MTR DUCKIES 


o 


Model HM-4. Has 5/16-32 thread. Fits 
Motorola HT's. ICOM IC215 and Standard 
146A.$7.00 


o 


I Model HM-5. Same as above, but with I 
PL-259 connector.$7.00 I 

Model HM-226. Same, with TNC connec- I 
tor for Wilson 1405 .$18.50 I 

Model HM-227. Same, but with BNC con- I 
nector termination . . . ..$12.00 J 

^ Model HM-226. With F connector for 

Wilson 1402 & Tempo.$11.50 

HM-4 HM-5 


HM180 2mtr, 3db trunk lip ant.$33.50 b 

HM179 2mtr, 3db hole mount ant_29.00 b 

HM20 2mtr, 3db for marine use.39.00 b 

HM176 440MHz 5db trunk lip ant.... 33.00 b 
HM175 440MHz 5db hole mount ant. 29.00 b 
HM224 220MHz 4db trunk lip ant.... 33.50 b 


KIClAf I ASP-694 Vi-Wave 
IV C W l Magnetic Antenna 

Low profile magnetic antenna with cable 
and connector. Tunable 108-512 MHz. 
Can be converted to gain antenna later. 
Wt.: 3 lbs. 

Model ASP-694 .$21.00 



cushcraft 


AR2 2meter Ringo base ant.$24.95 b 

ARX2 2mtr Ringo Ranger base ant .. 39.95 c 

AR220 220MHz Ringo base ant.24.95 b 

ARX220 220MHz Ringo Ranger.39.95 c 

AR450 UHF Ringo base ant.24.95 b 

ARX450 UHF Ringo Ranger bse ant . 39.95 c 

AR6 6 meter Ringo base ant.36.95 c 

ARX2K Adapts 2M Ringo to Ranger . 16.95 b 

A147-4 4 ele 2M FM beam ant.24.95 b 

A147-11 11 ele 2M FM beam.36.95 c 

A147-20T 10 ele2M vert/horztwist... 62.95 d 

A144-7 7 ele 2M CW/SSB beam.26.95 c 

A144-11 11 ele 2M CW/SSB beam.... 36.95 d 
A144-10T 10 ele Twist OSCAR ant... 42.95 c 
A144-20T 20 ele Twist OSCAR ant... 62.95 d 

A220-7 7 ele 220MHz beam.26.95 c 

A220-11 11 ele 220MHz beam.34.95 c 

A449-6 6 ele UHF FM beam.24.95 c 

A449-11 11 ele U H F beam.34.95 c 

A432-11 lie! 432MHz SSB/CW beam 34.95 c 

AFM4D 144-148MHZ Four Pole.69.95 c 

AFM24D 220MHz Four Pole.64.95 c 

AFM44D 435-450MHZ Four Pole.64.95 c 

ASQ-2 2M Squalo horiz ant.19.95 b 

LAC-1 Coax lightning arrester.4.95 a 

LAC2- Coax lightning arrester.4.95 a 

ATB34* 4ele20-10mtr beam.219.95 ★ 

ATV3 20-1 Omtr trap vertical.49*95 e 

ATV4 40-1 Omtr trap vertical.69.95 e 

ATV5 80-1 Omtr trap vertical_ .... ’89.95 e 

A50-3 3 element 6 meter beam.39.95 d 

A50-5 5 element 6 meter beam.59.95 e 

A28-3 ★ 3 element 10 meter beam .. 69.95 ★ 
A432-20T 432MHz 20 ele twist.59.95 d 


2M BASE ANT. PACKAGE 



Here's what you get: 

Cushcraft AR2 Ringo 
South River. 

PFM71 Roof mount. 
A125-5P 5’ alum mast. 
Lag bolts. 

50’ 8U foam coax. 
PL259 coax conn. 


$59 


95 


Wt.16 



pm co 

The most rugged 6 & 2 meter beams we’ve 


seen yet!! 

A 2-10 10 ele, 2M beam.$44.95 d 

A 2-5 5 ele, 2M beam, 9.5db gain.27.95 c 

A 2-2 10 ele, 2M dual polarization_46.50 e 

A62 6&2M antenna on one boom_74.95 e 

A6-5 5 element 6M beam, lldb .46.50 e 

A6-3 3ele6M beam, 7dbgain.30.00 d 

A 1 V* 220MHz 10 ele, 13.8db.32.95 d 



$095 “BUCK-BUSTER” [ 

y SF-2 ANTENNA ! 

Fits all Hustler deluxe mobile 
mounts. 3/8”x24 base 5/8” 
wave two meters, 3.4 db gain. *)’ 

SWR at resonance: adj. to 
1.5:1 or better. Bandwidth: 6 
MHz, 2:1 or better SWR. 100 ) 

watts max. 

$7095 NEW 4 ’ BTV 1 

/ I VERTICAL 

One setting covers 10, 15, 20, 

40M. Space restricted or un¬ 
limited, you get top signal re¬ 
ports, consistent contacts and 

I complete coverage. Add 5th 
band with a 75M resonator 
Use one feedline, any length. i, 

Requires no switching or Jj 

matching devices. i5lbs. . __ w 

SF-2 4-BTV 


MOI Mobile mast.$22.95 c 

M02 Mobile mast.22.95 c 

RM1010 Meter resonator.6.95 b 

RM15 15 meter resonator.7.95 b 

RM20 20 Meter resonator.8.95 b 

RM40 40 Meter resonator.14.95 b 

RM75 75 Meter resonator.16.95 b 

RM80 80 Meter resonator.17.95 b 


RM10S10M resonator 2KW PEP .... 11.95 b 
RM15S 15M resonator 2KW PEP .... 12.95 b 
RM20S 20M resonator 2KW PEP .... 13.95 b 
RM40S40M resonator2KW PEP .... 16.95 b 
RM75S 75M resonator 2KW PEP .... 31.95 b 
RM80S dOM resonator 2KW PEP .... 31.95 b 
CGI44 5.2db 2mtr ant 3 / 8 x 24 stud ... 26.95 b 
CGT144 Same but trunk lip mount... 42.95 c 


SF2 3db 2mtr ant 3 / 8 x 24 stud.9.95 b 

SF220 3db 220MHz ant 3 / e x24 stud .. 11.95 b 

4BTV 40-1 Omtr vertical.79.95 e 

G6-144 2mtr base ant 6db.79.95 d 

BM1 Bumper mount 3 / 8 x 24 thread... 15.95 d 

RSS2 Mobile resonator spring.5.95 a 

QD1 Quick disconnect 3 /„ x 24.16.95 a 


why-gain 


r -—~-\ 

VERTICAL ANTENNAS 

r Model 14AVQ/WB 

• 40 thru 10 meters 

• Wide band performance 

I • New Hy-Q traps 

Self-supporting, automatic band switching 
ve.ticalantenna Omni-directional perfor¬ 
mance Favorable L/C ratio. High Q True 
wave resonance on all bands. Low angle 
radiation pattern. Taper swagged seamless 
j aluminum construction. 12" double-grip 

i rnast bracket. Full circumference com¬ 

pression clamps at tubing joints. Weight 
8 2 lbs 

Model 14AVQ/WB $57.00 



Model 18AVT/WB 
i> Automatic band switching 
« Completely Self-Supporting 
<> Omni-Directional Performance 

Three beefed-up Hy-Q traps permit auto¬ 
matic switching. 5 band capability. Favor¬ 
able L/C ratio. Top loading coil. Across 
the band performance with one furnished 
setting for each band (10 thru 40). True Ta 


wave resonance on all bands. SWR of 2 1 
or less at band edges. Low angle radiation 
pattern Extra heavy duty tapered swaged 
seamless aluminum tubing with full cir- 
curmference, corrosion resistant com¬ 
pression clamps at tubing joints. Antenna 
can be mounted without guide wires. 25' 
Nigh. Weight: 10.7 lbs. ne 





BN86 Ferrite balun for 80-10mtrs... $15.95 a 

155 Center insulator for doublet.5.95 a 

156 End insul. for doublet (pair).3.95 a 

18HT★ HyTower 80-10M vertical.. 239.95 ★ 

18V Economy 80 tru 10M vertical_24.95 c 

12AVQ 20-10mtr trap vertical.39.95 c 

14AVQ 40-10mtr trap vertical.57.00 d 

18AVT/WB 80-10mtr trap vertical_79.95 d 


2BDQ Trap doublet for 80 & 40mtr... 39.95 d 

5BDQ Trap doublet for 80-10mtrs_69.95 e 

TH3Mklll ★ 3 ele20-10 tribander .. 179.95 ★ 
TH6DXX ★ 6 ele 20-10M tribander.. 239.95 + 
TH3 Jr 3 ele tribander (750W PEP) .. 129.95 e 


HY QUAD ★ 2 ele quad 20-10 mtrs . 189.95 ★ 

103BA 3 element lOMtr beam.54.95e 

153BA* 3 element 15mtr beam.79.95 

204BA ★ 4 element 20mtr beam ... 179.95 ★ 
402BA ★ 2 element 40 mtr beam... 169.95 ★ 

64B ★ 4 element 6 meter beam.39.95 

270 6db fiberglass 2M antenna. 39.95 e 

203 3 element 2 meter yagi.15.95 b 

205 5 element 2 meter yagi.17.95 c 

208 8 e 1 intent 2 meter yagi. 25.95 c 

214 14 element 2 meter yagi.31.95 d 



TA33W 3 el triband beam 2KW PEP. $189.95 
TA33Jr★ 3eletriband 1KW PEP... 149.95★ 
TA36 ★ 6ele triband 2KW PEP .... 269.95 ★ 


CL33 ★ 3 ele Classic.209.95 ★ 

CL36 ★ 6 ele Classic.269.95 ★ 

TA40KR 40mtr adpt for TA33/36.92.95 e 

MPK3 2KW conv kit for TA33Jr.67.65 e 

... ... A A A A A A A A A A A A A A A A A A A 


? ESTIMATED WEIGHT CODING * 

V After the price of each item you will find a *;* 
? letter, i.e., 19.95 a. To make it easier to fig- .% 
X ure shipping costs, these letters indicate 
the approximate weight of the item as •> 
•> follows: *5* 

❖ a. Less than 1 lb. f. 20-30 lbs. <• 

<*b.1-3lbs. d. 7-10 lbs. g. 30-40 lbs * 

J c. 4-6 lbs. •. 10-20 lbs. h. 40-50 lbs. j 

2* will be sent truck collect. * 
4 {**£** * * * * * * **** ❖* ** *S» *** * 





































































gallon-size dummy load 


Homebrew dummy load 

with low swr 
that includes 
rf-voltage monitoring 

provisions 


In a previous article , 1 I described a home-built 
dummy load based on intelligent overload of a bank 
of carbon resistors good for 5-second tuneup of a 1- 
kW transmitter (50 per cent loaded at tuneup). The 
dummy load served me well for many years and, in 
fact , is still in use. But an incident occurred recently 
during a TVI test of a new linear that emphasized that 
a rating of 500 watts for 5 seconds doesn't mean a 
full kilowatt continuously! A new set of resistors got 
the load back to normal, but the incident caused 
some time out to build the dummy load described 
here, which is capable of running tests at the 2-kW 
input level. 

review of rating techniques 

The following applies to Allen-Bradley 2-watt resis¬ 
tors. Other sizes, or resistors of other manufacturers, 
can be used, but the rating coefficients must be ob¬ 
tained from the manufacturer. 

A 2-watt, A-B resistor of the 20 per cent series is 
rated for a continuous load of 2 watts for 100,000 
hours when the resistor is mounted with 25.4-mm fl¬ 
inch) leads and has a body temperature of 100C 
(212F). This occurs when the ambient temperature is 
50C (122F). The life rating increases by a factor of ten 
fora 50C (122F) reduction in temperature. The allow¬ 
able load increases by 40 per cent for a 10:1 reduc¬ 
tion in life. For short-term loads the resistors are 
rated at 44 watt-seconds for the same mounting and 
ambient temperature, i.e., 44 watts for 1 second, and 
so on. 


I The required life for a test dummy load is very 
short; a few hundred hours in many years. Also, 
good cooling can be provided by mounting resistors 
with metal fins touching the resistor body and im¬ 
mersing the resistor body and fins in oil. Even after 
considerable testing, the resistor body temperature 
need not exceed 50C (122 F). 

The shorter life requirement allows the power in¬ 
put to be increased by a factor of 1.4 4 and the lower 
temperature by a factor of 1.4. The rating now 
becomes 10.6 watts continuous, or 47 watts for 5 
seconds. It's somewhat over 28.5 watts for 10 
seconds and well over 20 watts for 20 seconds. (Am¬ 
bient temperature isn't a major factor for very short 
loads, but resistance change is.) 

At high power there's another factor to consider. 
The maximum voltage rating of a 2-watt resistor is 
500 volts, which will affect the mounting method. 

choice of design values 

Since some work is done at full 2-kW input, a 
dummy load that could accept this power for short 
test periods seemed desirable. A reasonable assump¬ 
tion for maximum linear efficiency is 60 per cent, so 
the desired rating was 1200 watts for 5 seconds, 
which would allow 300 watts continuously. 

The voltage rating must be reduced by the peak- 
to-average ratio of the applied signal. Also, for high 
frequency power use some dielectric heating of the 
resistor body will occur. With some allowance for 
this, the rf voltage across a resistor should not ex¬ 
ceed 250 volts rms. 

At this voltage the minimum resistance for a peak 
dissipation of 47 watts is about 1325 ohms. A total of 
26 resistors in parallel would be needed for a 50-ohm 
load. However, since this is not a standard value, 
some adjustment is necessary. 

The local surplus emporium had no 2-watt resis¬ 
tors close to the 1200-ohm value, but there was a 
large bin of 470-ohm units at a very good price. A 
quick calculation showed that eighteen of these in 
parallel would give a resistance of 25 ohms, with two 
such banks in series giving the desired 50 ohms. 
Alternatively, two banks of fifteen resistors each 

By R. P. Haviland, W4MB, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 
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would give 60 ohms, nearly the mean between 50 
and 75 ohms The last combination was chosen for 
construction. 

dummy-load circuit 

While the dummy load is usually used with a watt¬ 
meter, an independent power check is sometimes 
useful. A built in rf voltmeter can give this measure 
mem. Because of the high voltage present, a voltage 
divider must Ibe included. The circuit is shown in 
fig. 1, 

With the resistors in hand, the mounting and oil 
immersion problems must be worked out. For very 
short periods of operation, a 0.946-liter (1 quart) can 
would be suitable. However, the temperature rise is 
rapid, and more oil is desirable, so 3 8 liters (1 gallon) 
allows reasonable test periods, 

construction 

It's easier to show the construction titan to 
describe it Fig. 2 shows the load assembly. Three 
fins provide the connections for the two banks. One 
outer fin soldered to the can case provides most of 
the assembly support and the connection to the 
outer coax lead. The other outer fin is drilled to fit 
over the center conductor of the coax receptable, 
providing the remainder of the support. (Note that 
the three fins should be the same size to keep the 
voltage equal across the banks.) The voltage 
monitoring components are mounted on a terminal 
strip with tip jacks used for the output. 

If possible, use hermetically sealed connectors. 
Transformer oil, the preferred cooling medium, tends 
to migrate, and unsealed connections will always be 
oily. Even light mineral oil will migrate. Hydraulic 
brake fluid, the other possible coolant, also migrates. 
If you must use standard connectors, be generous 
with silicone rubber sealant 

Performance of the unit is good. The SWR is about 
1.2:1, with a 50-ohm wattmeter, to above 30 MHz. 
However, at higher frequencies the uncompensated 
reactances affect performance. The apparent resis 
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fig 2 Construction of the gallon si/e dummy load Fins are 
made from copper flashing The 2 watt resistor leads pro 
ject Through holes in the copper, are bent over, and then are 
soldered The fins should touch the resistor body Resistor 
spacing should be two body diameters or more The fins 
should clear the can sides by 12 5 mm t Vi inch I or more 

lance on 144 MHz is appreciably reduced, and the 
SWR is undesirably high, White the unit is usable at 
vhf, it s basically a high frequency design 

variations 

Many variations of the basic design are possible. 
Sixty resistors would handle a kilowatt transmitter 
for long periods. Exact 50 or 75-ohm loads can be 
worked out for SWRs around t.G5:1. Special resis¬ 
tances are possible, such as 8 ohms for audio amph 
tier tests. Stray reactance can be tuned out for vhf 
operation. 

The umt shown has been operated many times 
with a linear amplifier running at 1-kW input for 
periods of 10 minutes or so. No measurable change 
in resistance values was found. The unit has paid its 
way: the linear is now free of FVf thanks to the 
testing time possible. 

reference 

F Rnhtrl P Havrland W4MEi SupwrlluOuS Signals ham radio. March. 
19 /6, pages 40 43 
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mm 'V 3 ®™ 1 * " r »M 

Featuring Yaesu, (corn, Drake, Atlas, Ten-Tec, Swan, DenTron, Pace, Palomar. Alda, Midland, 
Wilson, KDK, MFJ, Microwave Module. Standard, Tempo, Astron, KLM, Hy-Gain, Mosley, 
Larsen. Cuahcratt, Hustler, Mini Products. Universal and Tristao Towers. We service every 
thing we sell? Write or call tor quote. You Won' I be Disappointed. 

We are )ust a few minutes off the NY$ Thruway {I 90) Exit 32 


FULL-POWER, QUALITY 
HUM ANTENNR PARTS 


UNADILLR 

W2RU Baiuns 


• MLUXS mfS I PI SUL I TO AS 

• QUAD PUTS ANTIANI RMS 

1 * iooi/iisT mohIIS vih 

• Ci IIE-COH N 1 C Tots 

Pint FOR FULL CALILOO 
[{■title Jit SI imps J 


F80MSSICIWMS 

woaio 1101 


lit Dri|iail LifiLtiM Iff ml r m 

Sljtilm NarJftlrt 
Soli! 11SISUNCI? 

CHARIITIEI Cait: HUGH eUNItlSOlf. WIHOT 
Till frtf 800-446 1666 
HITS tftllfct 315-437 39531 

: DEALERS WONTED-OVER 300 WORLD-WIDE 


UNIDIUl/«EreO DIVISION [d»i..H R ] 


NEW - NEW - NEW from DATA SIGNAL 


TOUCH TONE® MICROPHONE 

DataCoder 5 


MINIATURE ENCODERS 
-DTM _ 


MODEL DTM — Completely self-contained miniature encoder 
lor hand held portables. Only 5/16" thick. Three wire com 
nectfcm, Automatic PTT keying optional With your choice Qf 
12- or 16-digit Digitran keyboard. 

Price DTM - $39.00. DIM.PTT * $49.00 

SUB-MINIATURE ENCODERS 


Tough “Mobile Environment” Microphone 
Positive Action Tactile Keys 

High-Impedance Ceramic or 500 ohm Dynamic Cartridge 

Adjustable Tone Balance and Output Level 

"Positive Hold - Easy Lift” Hanger 

For Vehicle Of Hand held Portable Use 

Complete . , . Not * Kit . . . $39,00 


MODEL SME-1: Smallest available crystal-controlled Touch- 
Tone encoder* only Q2*h x Q.5"w * 1.0"d, Complete with all 
connecting wires, mounts inside portable MODEL SME-2: 
Only l* square, mounts directly to pins on 12- or l&dlgit 
Digitran keyboards. Price of either unit $29.00 with choice of 
keyboards. SME1 or SME-2 encoder only dess keyboard) $24.00- 


4 Touch-Tone is a registered trade name of AT&T 

DATA SIGNAL, INC 

2403 COMMERCE LANE 
ALBANY, GEORGIA 31707, 912-883-4703 


Be sure to ask about 
our new keyets and CW 
memory for CW buffs. 


YOU'VE SEEN THE MAGAZINE ARTICLES 

Here's what you can expect 
front the DX ENGINEERING 

RF Speech Processor 


* 6 db INCREASE IN AVERAGE 
POWER 

* MAINTAINS VOICE QUALITY 

* IMPROVES INTELLIGIBILITY 

* NO CABLES OR BENCH 

SPACE REQUIRED * 

* EXCELLENT FOR M 

PHONE PATCH X 

* NO ADDITIONAL ADJUST* 

MENTS—MIKE GAIN ADJUSTS 

CLIPPING LEVEL 

* UNIQUE PLUG IN UNIT — NO 
MODIFICATIONS REQUIRED 


. t ! Tills is RF Envelope Clipping— 
-■— the feature being used in new 
transmitter designs for amateur 
- . _ and military use. 


Warren 
K2IXN 

Call Toll Fret. 1*B0Q-44B-7914 


ONEIDA COUNTY AIRPORT TERMINAL BUILDING 
ORISKANY. NEW YORK 13424 


Bob 

WA2MSH 

New York Stale Residents Call 315-337-2622 nr 315-337-0203 


Models Now Available 
Collins 32S, KWM 2 $ 98,50 ea. 

Drake TR-3. TR-4 t TR-6. TR-4C, 

T-4 r T 4X. T-4XB, T-4XC $128,50 ea. 

Postpaid - CaMf. Residents 
add 6% Tax 

Welch for other models later! 


DX Engineering 

1050 Last Walnut, Pasadena, C.ihf ^11Q^ 
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TH5DX 

10-15-20 METERS 




We are proud to introduce the newest member of our famous Thunderbird line of Tri-Band antennas. The 
TH5DX offers outstanding performance on 20,15, and 10 meters. It features 5 elements on an 18 foot boom, 
with 3 active elements on 15 and 20 meters and 4 active elements on 10 meters. The TH5DX also features 
separate air-dielectric Hy-Q traps for each band. This allows the TH5DX to be set for the maximum F/B ratio 
and the minimum beam width possible for a Tri-Band antenna of this size. Also standard on this antenna are 
Hy-Gain's unique Beta-match, rugged Boom-to-mast bracket, taper-swaged elements and improved element 
compression clamps. 


Boom length.18 feet 

Longest Element.31 feet 

Turning Radius.18 feet 

Surface Area.6.4 sq. feet 

Wind load.164 lbs. 

Weight.50 lbs. 


VSWR at resonance.less than 1.5:1 

Power Input.Maximum Legal 

Input Impedance.50 ohms 

•3dB Beamwidth.66° average 

Lightning Protection.DC ground 

Forward Gain.8.5 dB 

Front-to-Back Ratio .25 dB 


20 Meter 15 Meter 10 Meter 





NOTE: These are original Polar Charts on file at 


Hy-Gain Electronics 

fflfrrfiVffl electronics 

DIVISION OF TELEX COMMUNICATIONS, INC. 

8601 Northeast Highway 6 • Lincoln. Nebraska 60505 USA 
Telephone (402) 467-5321 telex. Hygam Lcn a 48-4324 

EUROPE: 22, rue de la Legion-d’Honneur 

93200 Saint Oents France 

Telephone 820 90 46 telex Telcodi 630013 



More Details? CHECK-OFF Page 110 
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DIGITAL TECHNIQUES 



1 B 



multivibrators and 
analog input interfacing 

Previous parts of this series have concentrated on 
only one multivibrator, the bistable, or flip-flop. This 
part will examine the monostable multivibrator, or 
one-shot, and look into ways of converting analog 
signals to digital levels. 

A one-shot will create a single pulse of controllable 
width in response to a trigger. The trigger can be 
either a positive-going or negative-going state transi¬ 
tion. There are two basic types: conventional and 
retriggerable. The latter will automatically reset and 
start the pulse again if a trigger arrives before the 
pulse is complete. Most of the former will inhibit any 
retriggering if the pulse has already started. 

A one-shot symbol is shown in fig. 1. It has Q out¬ 
puts and direct set and clear inputs as in a flip-flop. 



# RESET (CLEAR) AND SET (PRESET) 
MAY BE EITHER ACTIVE-LOW OR 
ACTIVE-HIGH DEPENDING ON DEVICE 


stant, either internal or external. The device is partly 
analog in operation, and a full description is found in 
texts. 1 Each one-shot 1C is specified in width from a 
simple formula or a graph showing width versus RC 
combinations. Most all one-shots have internal resis- 



INPUT VOLTAGE (V /N ) 



SYMBOL 

fig. 2. Schmitt trigger gate hysteresis curve and symbol. 


tors and capacitors that can be changed by external 
components. Most confusion in RC selection comes 
about by the three pins marked R int , C ext , and 
Rext/Cext- Connection rules are: 

Internal C only: C ext pin left open 
External C: Capacitor between C ext and 

Rext^Cext Pins 

Internal R only: Connect R int pin to V cc 
External R: R ini pins left open, resistor be¬ 

tween V cc and R ext /Cext Pin 


Internal capacitance and resistance are specified for 
each device. External components should be mount¬ 
ed as close as possible to the package; R and C pins 
are very susceptible to noise pickup, even with TTL. 

External resistance may be variable for adjustment. 
The trimming potentiometer must not be wirewound 
for short pulses; winding inductance will change the 
time constant. 


fig. 1. One-shot multivibrator symbology with option¬ 
al external components. 

Some devices allow a choice of positive or negative 
triggering. As in the flip-flop, unused control and 
input lines must be tied high or low depending on 
function. 

Output pulse width depends on an RC time con- 

By Leonard Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 


astable multivibrators 

These are free-running oscillators with digital level 
outputs. Their use is generally restricted to digital 
VCOs (voltage-controlled oscillators). Most are of the 
emitter-coupled variety for stability.* Details can be 
found in application notes or reference 1. 

Most of today's timing is obtained from quartz 
crystal or LC oscillators, with or without dividers for 
lower frequencies. Such oscillators don't have the 
fast rise and fall times required for digital circuits. TTL 

*Not to be confused with ECL, or emitter-coupled-logic. 
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THRESHOLD VOLTAGE 
ADJUSTMENT POT 


devices will not work properly with transition times of 
about 5 microseconds or more; internal circuitry will 
actually oscillate while a transition is made from logic 
0 maximum to logic 1 minimum. CMOS is a bit more 
tolerant. There are two solutions. 

the Schmitt trigger 

A Schmitt trigger is a high-gain amplifier with 
feedback to give hysteresis. Hysteresis is a nonlinear¬ 
ity between input and output and, in digital form, 
helps to discriminate signal and noise when feeding 
digital inputs. 

Some gates and inverters incorporate Schmitt trig¬ 
ger circuits at each input. So do a few one-shots. 
Typical input versus output is shown in fig. 2 for a 
TTL gate. The hysteresis symbol is used in gates and 
inverters having Schmitt inputs. 

A rising input voltage will cause the output to 
"snap” from high to low when it crosses the 1.6-volt 
threshold. Internal feedback allows a very slow 
threshold crossing to change the output very rapidly. 
Schmitt inverters and gates are very good for inter¬ 
facing an analog signal within input maximum volt¬ 
age swing to conventional digital circuitry. 

Other uses are given in fig. 3. Circuits of figs. 3A 
and 3B are useful for automatically resetting a digital 
circuit during power-on. Fig. 3C may be used to 
debounce a single-throw switch, but with some cau¬ 
tion. Values are for TTL, and closure time constant is 
much shorter than opening time constant. It will 
work well with CMOS, where resistor values can be 
equal and much higher. 

comparators 

Comparators are high-gain, wideband operational 


v cc 




fig. 3. Schmitt trigger applications with inverters. 





fig. 4. Typical comparator circuit. 


amplifiers with output clamps to restrict output volt¬ 
age swings to digital levels. A typical application is 
shown in fig. 4. 

Comparators usually need two more supply volt¬ 
ages. This requirement is x)ffset by the ability to 
threshold signals with a dc baseline way off digital 
voltage limits. Input voltage thresholds and baseline 
shifting are the same as for lower-frequency opera¬ 
tional amplifiers. 

The main characteristic in choosing comparators is 
slew rate, or response time. Slew rate is rate of 
change of output voltage per unit time compared 
with input voltage. Slew rate should be as high as 
possible. The newer rating is response time and is 
found on data sheets as time-related graphs of out¬ 
put voltage change for different overdrives. 

Overdrive occurs when the input voltage exceeds 
threshold voltage. Most high-speed comparators 
have nearly the same output voltage transition with 
any overdrive; the major change is a slight delay with 
small overdrives. 

Packages such as the Motorola MC3430 have four 
separate comparators. The MC3430 needs only two 
voltages, + 5 volts and — 5 volts, and also has a com¬ 
mon strobe control line. All four outputs are TTL- 
compatible and are three-state. When the strobe is 
high all outputs are in a high-impedance state, which 
allows wiring several outputs in parallel. Feed¬ 
back may also be added for hysteresis. 2 

The Harris HA-4905 is also a quad comparator with 
an interesting supply connection. Two package pins 
are used for the comparator section and two more 
are used for the output circuits. One or two supplies 
can be used for the comparator with a differential of 
5-15 volts. The output-circuit supply may be set to 
equal the digital-circuitsupply for signal compatibility. 

references 

1. Jacob Millman and Herbert Taub, "Pulse, Digital, and Switching Wave¬ 
forms," Chapter 11, McGraw-Hill Book Company, 1965. 

2. Motorola Semiconductor Data Library, Volume 6, Series B, Motorola 
Semiconductor Products, Inc., 1976, page 6-23. 
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CURTIS LSI’s 
help you 


ASCII MORSE RTTr 


speak 
MORSE 


STEP UP TO TELREX 

WITH A 

TELREX "BALUN" FED—"1NVERTED-VEE" KIT 

¥ 

THE IDEAL HI-PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 
MONO OR MULTIPLE BAND. 52 OHM ANTENNA SYSTEM 


* 8044; Keyef-On A-Chip* mtpiitriBixji. S14.95 
*pr 75 MB. Hh 76 GST. HM Mdbi 75. Apr ttdbk 77 7S 

* 6044-3: IC.PCB.Socket.Manual. ...... 24.95 

* 8044-4; Semi-Kit.54.95 

* B045: Morse KeyboanJ-Dn-A-Chip 1C ♦,. 59.95 

* 6045 1; !C.PCB,FIFO.Sockets,Manual.. 69.95 

* 8045 2; Semi-Kit*,. 159.95 

* A046; Insiructekeyer-OiT'A'Ctiip 1C .,., 49 95 

* 8046 1; Semt-Kh. 79.95 

* 6047:,Message Memory OivA-Chtp 1C .. 39.95 

* 6047-1; fC.PCBRAM.Sockels.Manual,. 69.95 

(add Si ?5 da Jtbdme Tor pottigE and handling 

EK 430; CMOS Keyer (fvnfiosn.124.95 

IK-44QA; Instruclokeyer* |M*r a 7t4$T}- 224.95 

‘ nd* with davh mamoff di lltftfirti 
System 4000 Mam Computer n« Jan 7i qst {write) 

Corns Electro Devices, Inc. 
vSt 0*P> H 

Bp* 4090. Mountain View, CA ®4QdO 


More Details? CHECK - OFF Page 110 


MONITOR *139. 

(12" HiWI 


COMPLETE 

KEYBOARD 

TERMINAL 

*380. Kit 795. 

iLtii Mon dor I I 


SCT-lOO STAND 
ALONE VIDEO BOARD 

• Partial Kit *9S. 

• Full Kit *157. 

Assemhleci & Tested *187. 


»XIT€X CORK 

i:«)28 Nf Lit run P O Hus. -102110 
|)alhi>. Tf\.i- 7')2Hi i2Mi H86-3S59 


MC / VISA i )H [ >K It PIH >NK X3 


COMPUTER 


KSi.U 

iiri'eiil) 


SERIAL 

LOOP 


Features 

• ASCII & BAUDOT 

• Auto Sync. 1-150 WPM 

• Microcomputer Interface 


TRANSCEIVER 


I 


TERMINAL UNIT 


RTTV 
iTX RX) 


MRS-100 


r _. 

& 


[j * 


MORSfc 

(TX/RXi 


KEYSvR OPTION AL 


■— • Partial Kit #95, 
m * Full Kit *225 
* Assembled & Tested *295 


Telrex “Monarch" (Trapped) I.V. Kit 
Duo-Band/4 KWP I.V. Kit S66 50 
Postpaid Continental U.S. 


Optimum. full $i££ doublet performance, independent of ground conditions 1 ''Balanced 
Pattern'*, low radiation angle, high signal to noise, and signal to performance ratio 1 
Minimal support costs, (existing tower, house, tree}. A technician can resonate a 
Teirex "Inverted Vee" ro frequency within the hour! Minimal S/W/R is possible if 
installed and resonated lo frequency as directed! Pattern primarily low angle. Omni¬ 
directional. approx. 6 OB null ax ends! Costly, tossy, amenna tuners not required! 
Complete simplified installation and resonating to frequency instructions supplied with 
each kit, ___ 


Far Technical dJtJ and prices on complete 
Telrex line, write for Catalog PL 7 (Hf*H) 


#*•* 81* ilMH tJ'IJ UU 
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The latest in micro-computer books that people waited in line to buy! 



TV Typewriter Cookbook 

By D Lancaster 


SOB0/8085 Softwpro Dofttgn 

By C, Titus. P Bony. D Larsen & J Titus 


CMOS Cookbook 

ByD Lancaster 


Covers tvt terms, principles, coni loural ions, 
memories, system design, cursor & update 
circuitry & techniques, hard copy, color 
graphics, keyboards & encoders. 256 pgs. 



#200 .$ 9.95 


Getting Acquainted with 
Microcomputers 

By L Premei 



Explains base concepts, definitions, organs 
zation, architecture, operation, software, pro* 
gramming & personal computing With exper¬ 
iments for self-education 266 pgs, 
§21486 .$ 8.95 


Z-80 Microcomputer Handbook 

By W Barden. Jr 

All about the Zilog Z 60 a very sophisticated 
microprocessor its hardware, its software, 
and microcomputers built around i! 304 pgs 
021500 $895 ^ 


The Cheep Video Cookbook 

ByD Lancaster 

A complete guide to super-low cost al 
phanumenc & graphic micro processor-based 
video displays, with construction details on a 
seven 1C circuit — & much more 1 256 pgs 



021524 


Design of Active Filters, with 
Experiments 

By H Berlin 

An intro So the theory, design & use of active 
filter circuits using Ihe 741 op amp chip and 
no complex math Many experiments, exam¬ 
ples 240 pgs #21539 .. $795 


Offers basic & advanced instructions for as- What CMOS is how it works. & how to power 

sembly language programming Covers use, test & interface it. etc. With min (catalog of 

mathematical manipulations, number-base over 100 devices 416 pgs #27398 $10 50 



CociKtinQK 


conversions, decoders, arrays, etc 336 pgs 
021541 ..$9 50 


Dosign of OP-AMP Circuits, with 
Expo r i nte nt* 

By H Berlin 

The fundamentals of operational amplifier de¬ 
vices (e g.. 741 & 3900} in tinear amps, dit 
f erent ta to rs, f il ters & non I inea r amps 35 ex per 
iments. 224 pgs #27537 $795 


YOURS TO EXAMINE 
AT NO RISK 
FOR 15 DAYS 


Clip Out-Mall Today 


YES —Please send me the book(s) indi¬ 
cated be tow If I’m not completely salisfied, I 
may return any or all within 15 days of receipt 
for full credit or relund Add sales tax where 
applicable 

Q 21313 □ 21539 □ 21538 

□ 21486 □ 21541 □ 21035 

□ 21500 □ 21537 □ 21398 

□ 21524 □ 21545 

□ i have checked 3 or more titles and de 
ducted my 10% savings. 


Design of Phase locked Loop 
Circuits, with Experkrwnts 

By H. Berlin 

Details the design ol the basic PIL circuits 
detector, phase comparator & voltage 
controlled oscillator circuits 15 experiments 
256 pgs 021545 $8 95 


Name 


Address 


555 Timor Applies lions Sourcebook, 
with Exporimonts 

By H Berlin 

Deals with the many uses of the 555 timer 
"Chip*—for timing, signal generation, voltage 
regulation, control, sequencing 15 expen 
ments 160 pgs # 21538 $5 95 


___Toial $.- 

State Zip Code 

I ] Check □ Money Order □ Master Charge 
□ Visa/BankAmencard 


Account No 
Interbank No 
317 

Signature — 

M in mum wd.iT 1: a fd iff.h.lsf* S10 0CJ 


[M*1cr Chnn^j ixiiyj fviM54 


TTL Cookbook 

By D Lancaster 

Explains what transistor transistor logic is 
how it works & how to use it—tor a digita 
counter & display system, electronic stop 
watch, digital tachometer, voltmeter, etc 331 
pgs 021035 $9 50 


WAIL TO 

/O Howard W. Sams A Co., Inc 

VV 4300 W 62nd St 
**■ Indiana poll &, J N 46206 

Pnr**!$ subjocl la rharKy^fi ffiontfis aftpf issue (late 
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Barry Electronics ... 


Your One Source 

for Amateur Radio Gear 


JUNE is Hand-holding Month! Look at Barry’s “twin specials 


99 . 


Yaesu FT-207R synthesized handie includes microprocessor, scanning 
feature, Touchtone input, four memories, programmable offset, 3-watt 
output, 144-148 MHz in 10-kHz steps, and much more. Cal) NOW! 


Tempo Syncom S-l synthesized hand held features 144-148 MHz output in 5-kHz ^ 
steps (receive); transmit simplex or +600 kHz offset , tiny, pocket-size, lightweight; bat- i 
tery pack, charger, and telescoping antenna included; many options available. In stock. ^ 


We also have 

• ANTENNAS FOR HF & UHF 

• ROTORS 

• TOWERS 

• REPEATERS 

• MICROPHONES 

• KEYS & KEYERS 

• TUBES and much, more 


JUST CALL OR 
WRITE FOR THE 
BARRY PRICE; 
BETTER STILL... 
STOP IN!! 


Yes, we have 
El MAC Tubes 
& Chimneys, 
and YAESU 
Replacement 
Tubes in stock! 


WE STOCK THESE FAMOUS NAME BRANDS 


Repair lab 
on premises. 


AEA 
ALDA 
ANTENNA 
SPECIALISTS 
ATLAS 
B&W 
BIRD 

COMMUNICATIONS 

SPECIALISTS 


COLLINS 

CUSHCRAFT 

DSI 

DENTRON 

DRAKE 

EIMAC 

E-Z WAY 

HY-GAIN 

ICOM 


KDK 
KLM 
M FJ 

MIRAGE 

MOSLEY 

NEWTRONICS 

ROBOT 

ROHN 

STANDARD 


SWAN 

TEMPO 

TEN-TEC 

TRI-EX 

VHF 

ENGINEERING 

WILSON 

YAESU 




BARRY ELECTRONICS 


512 BROADWAY 
NEW YORK, N. Y. 10012 


(212)925-7000 


A AA.A 









CRYSTAL FILTERS 

The Heart of your Set — Get the BEST for Less! 

YAESU - KENWOOD - HEATH - DRAKE - COLLINS 


ONLY 


MOST TYPES 


FOX-TANGO continues to expand its quality-line of 8-pole filters, made up entirely of specially-treated, high Q crystals. Custom-made 
tor each set with ultimate rejection of over 80 dB and superior shape factors, these filters are unavailable from other sources. Only 
FOX-TANGO gives owners of the most popular brands of ham gear a choice of drop-in fillers closer to their needs than the limited num¬ 
ber of 6-pole (or less) units offered as extra-cost options by most manufacturers. In addition, for the Yaesu and Kenwood lines we 
offer specially designed Diode Switching Boards which permit inboard mounting of up io two filters more than those for which the 
manufacturer provides room. Thus, either now or in the future, a set could be provided with a sharp (250 Hz) and/or standard (500 
Hz) CW fitter; and/or a narrow (1800 Hz) SSB in addition to the regularly supplied SSB filter — all switch selectable. This provides 
superior variable bandwidth selection without the need for buying an expensive new model to provide it. In these infiationary times, it 
is sound economics to up-grade your present set. FOX-TANGO makes if easy — and relatively inexpensive. Order with confidence: 
satisfaction is guaranteed on a money-back basis. Incidentally even our current line ot filters will fit many other brands or home-brew 
ngs. Check the specifications or write us about custom-built units for most rigs. 


FOX-TANGO CRYSTAL FILTER SPECIFICATIONS 





USED 

CENTER 

BANDWIDTH — Hz 

INSERTION 

TERMINAL 

Z 

CASE 

SIZE 

SEE 



FILTER 

FREQUENCY 



LOSS 

(IN-OUT) 

SEE 



NO. YF- 

FOR 

kHz 

-6 dB 

- 60 dB 

dB 

fl/pF 

BELOW 

NOTE 



31H250 

CW-N 

3179.3 

250 ± 50 

<750 

<9 

5000 

A 

1 


T“ 

31H500 

CW 

3179.3 

500 ± 50 

<1200 

<7 

5000 

A 

2 



31H1.8 

SSB-N 

3180 

1800 ± 100 

<3100 

<6 

5000 

B 

3 



31H2.4 

SSB-F 

3180 

2400 ± 100 

<4200 

<6 

5000 

B 

4,6 



31H6.0 

AM 

3180 

6000 ± 500 

< 11 K 

<6 

5000 

A 

5 



91H250 

CW-N 

8999.3 

250 ± 50 

<750 

<10 

5000 

C 

1 


5 

91H500 

CW 

8999 3 

500 ± 50 

<1400 

<8 

5000 

C 

2 

C/7 

. ►- 
t— ll_ 

90H1.8 

SSB-N 

9000 

1800 ± 100 

<3100 

<6 

50012 

C 

3 

lu 

LL. 

90H2 4 

SSB-F 

9000 

2400 ± 100 

<4200 

<6 

5000 

c 

6 

>- 


31H250 

CW-N 

3179.3 

250 ± 50 

<750 

<9 

800/5KO 

J 

1, 15 


■ 

31H1.8 

SSB-N 

3180 

1800 ± 100 

<3100 

<3 

800/5KO 

J 

3, 15 


h- 

LL. 

31H2.1 

SSB 

3180 

2100 ± 100 

<3100 

<4 

800/5KO 

J 

9, 15 


i- N * 

cn E? 

89H250 

CW-N 

8988 3 

250 ± 50 

<750 

<10 

5000 

c 

1 



89H5Q0 

CW 

8988.3 

500 ± 50 

< 1400 

<8 

5000 

C 

2 

O 


33H250 

CW-N 

3395 

250 ± 50 

<750 

<9 

4.7K/33pF 

B 

1 

O 

£ 

33H400 

CW 

3395 

400 ± 50 

<1200 

<8 

4.7K/33pF 

B 

7 

a- 

£ cc 

33H1.8 

SSB-N 

3395 

1800 ± 100 

<3100 

<6 

4 7K/33pF 

B 

3 



88H250 

CW-N 

8830 7 

250 ± 50 

<750 

< 10 

470/5pF 

D 

1 

LU 

00 

i 

88H400 

CW 

8830.7 

400 ± 50 

<1400 

<9 

470/5pF 

0 

7 


CO 

*— 

88H1.8 

SSB-N 

8830 

1800 ± 100 

<3100 

<6 

470/5pF 

D 

3 









2KO 


1 

t— 

o> ^ 
u > 

33H250 

CW-N 

3395.4 

250 ± 50 

<750 

<9 

E 

1 ft 1 

X » 
LU X. 

33H400 

CW 

3395.4 

400 ± 50 

<1200 

<8 

2KO 

E 

8 



33H2.1 

SSB 

3395 

2100 ± 100 

<3100 

<6 

2KO 

E 

9 

lii 


56H8.0 

CW/SSB 

5645 ± 150 

8000 ± 500 

< 13K 

<3 

5000 

F 

10, 11 

s 

o 


56H800 

CW 

5645.5 ± 50 

800 ± 100 

<1800 

<5 

5000 

C 

10, 12 

cc 

56H125 

CW-N 

5695 ± 50 

125 ± 50 

<350 

<13 

500 

G 

10 

CO 

CD 

"■N, 










Zj 

CD 

CO 

• 

455H250 

CW-N 

455 ± 50 

250 ± 50 

<750 

<10 

5KO 

H 

1, 14 

o 

CO 

IO 
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All filters, except Collins and Drake, are $55. Collins filters are $150 each; lor Drake prices see adjacent column. 
Prices include airmail postpaid to U.S., Canada and Mexico For overseas airmail, add $3._ 


CASE SIZES 

(LWH in mm) 

A 45x23x28 
B 50x25x25 
C 40X20X21 
D 50x18x18 
E 57x24x25 


F 57x24x18 
G 57x24x21 
H 78X16X22 
J 30x30x75 


NOTES 

1. Sharp CW Filter tor DX and Contest work 

2. Use instead of optional 600 Hz {6 pole) unit 

3. For narrow SSB to reduce QRM 

4. Use instead of XF-30A (6 pole) in early units 

5. Superior to XF-30B (6 pole) AM unit 

6 Used in G3LLL RF Speech Processors 

7 Use instead of optional 500 Hz (6 pole) unit 
8. Use instead of optional 400 Hz (4 pofej unit 


9 Superior replacement for standard SSB unit 

10. For detailed description and prices see 

11. Also known as GUF-1 — $65 ppd. 

12. Also known as GUF-2S — $90 ppd 

13. Sharpest CW filter for contest work, $100 ppd. 

14 Introductory price $150 ppd. Limited time only. 

15 Applies to series 400. 401,560, 570 


DRAKE R-4C FILTERS AND ACCESSORIES 

Spectacularly improve the performance of this excel¬ 
lent time-tested receiver, popular worldwide with the 
most successful DXers and Contesters, by adding 
our highest quality 8-pole filters and accessories. 
Compare our specifications and prices with those of 
others and you'll buy FOX-TANGO! 

YF56H8.0 (GIJF-1 ). Broad first IF Filter. Superior 
8-pole type (Shape factor 1.5, ultimate rejection 
>100d8) replaces original unit (Shape factor 4.7, 
ultimate rejection 65d6). Used in CW/SSB modes. 
Drop-in replacement of original unit — only two sol¬ 
dered connections. Recommended tor use in con¬ 
junction with GUF-2. With complete instructions. 
GUF-1 $65 ppd. Add $3 tor overseas airmail. 

YF56H800 (GUF-2). Narrow first IF Filter. (Shape 
factor as low as 2.0, ultimate rejection >100dB.) 
Both GUF -1 and GUF'2 improve dynamic range, re¬ 
duce intermod due to overloading of second mixer, 
reduce QRM, etc. GUF-2 includes a relay kit and all 
parts needed to provide automatic selection ot 
GUF-1 or GUF 2 depending upon the position of the 
Mode Switch, thus retaining phone capabilities lost 
if GUF-2 (CW) is used alone. Complete step-by-step 
instructions simplify installation. GUF-2, including 
relays and parts: $90 ppd. Add $3 for overseas air¬ 
mail. 

YF56H125. Sharp 125Hz 8 pole, second IF Filter. 
(Shape factor as low as 2.0, ultimate rejection 
>100dB.) Sharpest CW filter available. See Specs 
in Table. If you can’t get it with this filter, you can't 
get it — period! Puts selectivity where it counts: in 
the AGC loop. Eliminates loss of RX gain due to QRM 
outside of passband, commonly noted with audio fil¬ 
ters — yet works well with them. Simple installa¬ 
tion; plugs into accessory socket on back of the set. 
$100 ppd. Adc $3 for overseas airmail. 

GUD Product Detector Kit. All parts and instruc¬ 
tions needed to convert the existing detector to a 
double-balanced type to provide better isolation 
between input and output. Overcomes distortion in 
audio output and AGC attack. Includes compact PCB 
with active DE1M SN16913, relay switch, and acces¬ 
sory components. Detailed instructions, diagrams 
and photographs simplify installation. GUD Kit $45 
ppd. Add $3 for overseas airmail. 


See you at the Atlanta HamFestival, June 16,17! Dealer Inquiries Welcomed 

DIODE SWITCHING BOARDS — DUAL (2 FILTER) TYPE FOR ALL YAESU AND KENWOOD LISTED. Specify Florida residents add 4% (sales tax) 

make and model — $21.00 airmail ppd. SINGLE (1 FILTER) TYPE FOR FT/FR-101 ONLY - $12.00 airmail ppd 

Specify desired unit completely when ordering. Include make and model of set, filter number desired, and center frequency. 



FOX-TANGO CORPORATION 

Box 15944, W. Palm Beach, FL 33406 
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189.95 includes: 




capability 


Shown with Optional 
Auto-Patch Encoder 
Installed for access to 
repeaters with tele¬ 
phone auto*patch 
inputs 


Optional leather holster 
mounts on your belt. 
Optional external mike 
lets you talk from 
the hip. 


Included at no extra charge 
is convenient drop*in battery 
charger gives you 10 hours 
of operation on a full charge. 


The HEATHKIT VF-2031 



Read about the new VF-2031 and all the other 
exciting Amateur Radio products from 
Heath in the new FREE Heathkit Catalog. 
Send for your copy today. 

Or bring Ihis coupon to your neorest Heal hk it 
Electronic Center (Units ot SchEumberger Products 
Corporation) lor a copy al your FREE catalog 

Price is mail order net. F.G. B Kenton Harbor 
Michigan. Prices arid specifications subject to 
change withoul notice 


FREE! 




‘1 

HATH 

Hr dill Company. Dopf. 122 M0 
Banian Harbor. Michigan 49022 


1 

m 


Please send me my FREE Heathkit Catalog. 
I am not on your mailing list. 


A minimum 2 watts out gives you plenty of 
power for local two-way communications 
and repeater access. Spurs are down a full 
60 dB so you never worry about causing 
interference or accidentally keying repeat¬ 
ers. A separate speaker and microphone 
and well-designed FM circuitry bring you 
outstanding audio quality on both trans¬ 
mit and receive. Eight crystal-controlled 
channels and ± 600 kHz offsets give you 
a total of 8 receive and 24 transmit 
channels for real versatility 

Shop and compare! At just £189.95 in kit form, we don't 
think you II find a better all around hand held rig than the 
VF-2031! And with its complete list of options auto patch 
tone encoder, external mike and holster-style carrying 
case - it puts real 2-meter power right in your hands. 

Like every Heathkit product, its designed by Hams for 
Hams, and it gives you the value, features and perform¬ 
ance you're looking for! 

There's more for the Ham at Heath 


I 



A dd run & 



Ciiv 

Stnlf* . 


AM-3B9 

Zip 



II coupon i* mining: wnu> Hvcih Company. Dvpl. 322 MO. Bon I cm Hurbor. Ml 49022 
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increased break-in delay range for the Heathkit HW-8 


The Heathkit HW-8 transceiver 
break-in delay time constant is such 
that, even with relatively fast keying 
and maximum time delay set in, the 
rig returns to the receive mode after 
every word. This is fine for rapid 
break-in, but most CW operation is 
not rapid break-in, and all that's ac¬ 
complished is unnecessary relay wear 
and operator fatigue. The fix is sim¬ 
ple: Change C92 from 10 to 50 /*F, 


from 10 /iF to 50 fiF, the transmitter 
and sidetone monitor oscillator key¬ 
ing develop tails because of the cou¬ 
pling back through the solid-state de¬ 
vices. This side effect may be elimi¬ 
nated in the transmitter keying circuit 
by lifting the end of R64 nearest the 
back of the printed circuit board, 
where wire "W" connects, soldering 
the anode lead of a 1N4148 silicon 
diode (Radio Shack 276-1122) in the 


In addition, receiver muting is de¬ 
layed excessively by the increased 
size of C92. This may be corrected by 
placing a 4700-ohm resistor in parallel 
with C43. Remove C43 from the cir¬ 
cuit board, solder it across a 4700- 
ohm resistor, and place the pair 
where C43 was originally installed. 
(Refer to fig. 1.) All resistors are 'A 
watt. 

After making the modifications, 



fig. 1. Changes to the Heathkit HW-fi for increased break-in delay range. 


25 volts; R72 from 3.3 megohms to 
1.0 megohms; R73 from 10 megohms 
to 22 megohms; parallel C43 with 
4700 ohms; and add a diode in series 
with R64 (see fig. 1). 

The time constant is controlled by 
C92. However, when C92 is increased 


empty hole, and soldering the cath¬ 
ode lead of the diode to the uncon¬ 
nected end of R64. Reconnect wire 
"W" to the junction of the diode and 
R64, above the board. In the sidetone 
oscillator circuit change R72 and R73 
as indicated above. 


the DELAY CONTROL potentiometer 
will provide a wide range of time con¬ 
stants. Each operator should adjust 
the DELAY CONTROL to suit his par¬ 
ticular keying speed, with high speed 
requiring the least delay time. 

John Abbott, K6YB 
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Collins 516F-2 
high-voltage regulation 

Shortly after acquiring my Collins 
S-line equipment, I became aware 
that the CW waveform as viewed on 
the SB-610 monitor scope left some¬ 
thing to be desired. A definite trough 
appeared in the waveform, which is 
characteristic of a high-voltage power 
supply with insufficient regulation 
(fig. 2). The as-built, 10-/*F filter is 



fig. 2. Monitor scope display of Collins S- 
Line CW waveform showing insufficient 
high voltage supply regulation. 


sufficient for SSB operation. How¬ 
ever, during key-down CW opera¬ 
tion, with the amplifiers running full- 
bore and exhibiting a widely varying 
load, there's a need for increased ca¬ 
pacitance in the filter section. I found 
that a minimum of 25-^F of filter 
capacitance provided the smooth 
waveform shown in fig. 3. 



fig. 3. Monitor scope display of Collins S- 
Line CW waveform showing good high 
voltage supply regulation, which is ob¬ 
tainable in practice. 

With under-chassis space being at 
a premium, three 80-/iF caps 
(Sprague TVA 1716) were used to re¬ 
place the originals. These capacitors 
will provide over 2Vi times the former 


capacitance and will fit into the chas¬ 
sis-mounted clamps without protrud¬ 
ing below the chassis bottom. If other 
types or sizes are used, be sure suffi¬ 
cient chassis clearance remains. 

Before removing the original caps, 
observe the physical wiring arrange¬ 
ment. Place the new capacitors in the 
same direction as those to be re¬ 
moved. The original capacitors are 
manufactured with terminals instead 
of wire leads, but no difficulty should 
be encountered if the full-length leads 
of the new units are used and only 
the negative lead of the ground-end 
capacitor (C4) and positive lead of the 
high-voltage bus capacitor (C2) are 
trimmed after the connections have 
been made. Be sure to insulate the 
negative/positive interconnecting 
leads of the three capacitors. They 
are not at ground potential, and they 
pass near the capacitor mounting 
brackets. See fig. 4. 

LI 

8H 


270k 270k 270k 



fig. 4. Modified Collins 516-F2 supply. 
High-voltage filter caps C2, C3, and C4 
are replaced with 80-^F caps. 


After installation, make certain that 
no short circuits exist. When the sup¬ 
ply is reconnected to the 32-S ( ), en¬ 
sure that the bias pot adjustment is 
correct. 

Paul Pagel, IM1FB 

loss of torque in 
HAM-M rotators 

Several years after I purchased my 
first HAM-M rotator, it started to slow 
down. At first I thought the slow¬ 
down was because of the extra an¬ 


tennas I'd added, so I increased the 
voltage with another transformer in 
series with the internal transformer. 
This helped for a while, but the rota¬ 
tor gradually slowed down again until 
it took five minutes to rotate 360 
degrees! 

After several inquiries and investi¬ 
gations, I found the cause. It seems 
that the electrolyte in the motor ca¬ 
pacitor, C2, a 120-140 ^F, 50-Vac ca¬ 
pacitor, dries out in time. I installed a 
substitute capacitor, and the anten¬ 
nas almost took off. I removed the 
extra transformer. Even then, with a 
heavy antenna load, the 1-rpm speed 
was fully restored. 

The motor-start capacitor is easily 
changed. It's conveniently located in 
the control box. The as-built Cornell 
Dubilier capacitor part number is 
51172-10, priced at $2.50. A higher 
quality (but possibly larger in size) re¬ 
placement is probably available from 
your local electrical or motor supply 
house. The capacitance should be at 
least 120 fiF. 

I've experienced this problem sev¬ 
eral times. In one case, it happened 
after only one year on a new 
HAM-M-II. 

Joe Reisert, W1 JR 

phono plug wiring 

Soldering the braid of coaxial 
cable, such as RG-58/U, to the shell 
of a phonoplug can be a messy and 
sometimes frustrating job. Excessive 
heat may be applied, resulting in the 
center-conductor insulation's being 
damaged, causing either a shorted 
plug or the possibility of future inter¬ 
mittent trouble. 

A neat and virtually short-proof 
connection may be made using heat- 
shrink tubing. Instead of soldering 
the coaxial braid to the shell of the 
plug, a 2.5-cm (1-inch) length of 9.5- 
mm (3/8-inch) diameter heat-shrink 
tubing is slipped down the coax and 
over the biraid until even with the end 
of the shell. The heat of a match 
finishes the job quickly, neatly, and 
permanently. 

Paul Pagel, N1FB 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 110. 

IC-280 mobile 
transceiver 



The versatility of a microprocessor 
is exemplified in the introduction of 
the ICOM IC-280 fm mobile radio for 
2 meters. Referred to as the J, remol- 
able" radio, the IC-280 actually 
comes assembled for immediate op¬ 
eration as one box. However, the 
same radio may be operated as sepa¬ 
rate units by removing the head and 
connecting the optional remote cable 
to each unit. You can then mount the 
central head in a small place where 
almost no other radio will fit, 

"Remotability" is not the only rea¬ 
son to have an IC-280, The micro¬ 
processor covers all 4 MHz of the 2 
meter band, plus some at both ends, 
in 15- or 5-kHz steps which are se¬ 
lected by the user or the microproces¬ 
sor, In addition, there are three mem¬ 
ory channels to store any frequency 
which can be programmed on the 
dial 

The modular 10-watt output stage 
has plenty of power to drive the most 
popular amplifiers to full output. The 


continuous display of frequency in 
transmit, receive, or memory position 
makes the 1C 280 the easiest-to-use 
fm radio, and the best-performing fm 
radio that fCOM has designed To date. 
All ICOM dealers should have them in 
stock and on display now. See one 
todayatyouf authorized ICOM dealer, 
or contact ICOM East, Inc., 3331 
Towerwood Drive, Dallas, Texas 
75234; or ICOM West, Inc., 13256 
Northrup Way, Suite 3, Bellevue, 
Washington 98005* 

multiple-output lab 
power supply 

A new lab power supply, capable 
of functioning as three separate 
power supplies and featuring an ex¬ 
clusive automatic tracking circuit, has 
been introduced by the B&K Preci 
si on product group of Dynascan Cor 
poration. 

The new Model 1650 offers a 5-volt 
dc, 5-amp output, and two separate 
25-volt dc outputs at 0.5 amp. The 
exclusive automatic tracking circuit 
allows the B output to 'Track ' volt¬ 
age changes of the A supply. 

Designed for use with solid-state 
equipment where both linear and dig¬ 
ital circuitry may be encountered, the 
unit's three outputs are completely 
isolated, offering the user full versatil 
ity to connect the outputs in series or 
parallel. 

The valuable tracking circuit allows 
proportional control of the B supply 
when the A supply output is varied. 
When the TRACK mode is selected, if 
the B control is set at 100 per cent, 
the voltage level selected with the A 
control will appear at both the A and 
B outputs. If the B control is set to a 
50 per cent position, the B output will 
be 50 per cent of the voltage at the A 
output. Tracking is controlled by 
means of a pulse-width-modulated 
control signal, which is coupled 
through an opto isolator. This unique 
B&K Precision design permits com¬ 
plete electrical isolation of both sup¬ 
plies in the tracking mode. 

The tracking feature of the 1650 


allows it to be used as a substitute 
power source for breadboard and 
prototype circuits and other equip 
merit. For test purposes it can pro 
vide single or simultaneously varying 
voltages to observe operating effects 
on the circuit under test* The tracking 
feature can also provide positive and 
negative voltages for operational am¬ 
plifier circuits and offers a convenient 
means of evaluating the performance 
of differential amplifiers with voltage 
changes* 

The 1650 features automatic cur 
rent limiting and short-circuit protec 
lion on ail ranges and outputs. 1C 
control circuits maintain the highest 
reliability and stability. AH power out 
puts use color coded, heavy-duty, 
six-way binding posts. 

The B&K Precision Model 1650 
multiple output power supply is a 
money-saving alternative to separate 
supplies. It's available for immediate 
delivery at local B&K Precision dis¬ 
tributors for $275.00. For additional 
information, contact B&K Precision 
Sales Department, 6460 West Cort¬ 
land Street, Chicago, Illinois 60635* 

DE-130 electronic keyer 

The new DE 130 Digital Electronic 
Keyer, by Dynamic Electronics, Inc., 
is designed to provide all the features 
required of a high-quality keyer at a 
minimum cost without additional ac¬ 
cessories. For example, an ac power 



supply is included, eliminating the 
need for batteries or an add-on sup¬ 
ply. The cost of an external paddle 
assembly is not necessary since an 
electronic paddle called a ' touch 
key" is included. The electronic 



86 


june 1979 


More Details? CHECK — OFF Page 110 




touch key works on skin resistance, 
and plugs into the front of the keyer, 
This electronic key prevents the keyer 
from "walking/' since no mechanical 
mot ton is required to operate it. A 
keying relay is included to allow the 
3E-130 to directly key any iransmit- 
er regardless of the type of circuit 
jsed. For code practice or actual on 
he air monitoring, an audio circuit 
1 rives a speaker mounted in the top 
>f the enclosure. 

An additional feature is a TUNE 
position on the volume control, 
>vhich allows the transmitter to be 
continuously keyed for adjustment 
purposes. Because the circuits are 
digitally generated, the dot to-dash 
atio is exactly 1 to 3, eliminating the 
iced for weight adjustments. Both 
dot and dash memories are included 
and no new characters will be ac¬ 
cepted until the memories are 
cleared. 

An accessory socket is provided 
which completely interfaces the 
DE-130 Keyer with the DE 131 Mes¬ 
sage Storage Unit, With the optional 
DE-131, the DE-130 Keyer is con¬ 
verted into a large, 6000 bit memory 
keyer with six memories which store 
about eighty characters in each. 

The price of the DE-130 Keyer and 
the DE 131 Message Storage Unit is 
$79 95 each. The units carry a one' 
year warranty and may be returned 
for a refund during a fifteen-day trial 
period. For more information, write 
to Dynamic Electronics, Inc., P,0. 
Box 896, Hartselle, Alabama 35640, 

DS3100 RTTY terminal 

HAL Communications Corporation 
is proud to announce a new standard 
of comparison in electronic RTTY ter 
minals - the DS3100 ASR. The new 
terminal features full buffering of 
both received and transmitted data, 
thus permitting preparation of trans¬ 
mit text while receiving, as well as 
storage of up to 150 lines of received 
text and 50 lines of text to be trans¬ 
mitted, The terminal also features a 
new screen format with twenty-four 


s 

IS THE HF 



ATB 34 Thret ? Bonn 

Cush craft manufactures □ full range of high 
frequency antennas which are performance 
engineered for the most discriminating amateur 
For the amateur who demands top performance 
in a multiband Vagi beam there's the 
incomparable ATB-34 three'band beam for 
broadband high-gain coverage on 10, 15 and 
20 meters 

And for the Amateur with limited antenna space 
and budget who wants reliable multiband 
radio communications there are three Cushcraft 
multiband verticals to choose from the three* 
band ATV-3 for 10, 15 and 20, the tour band 
ATV 4 for 10, 15. 20 and 40 meters; and the A7V-5 
for low VSWR five-band performance from 80 

through 10 meters 

Cushcraft high-frequency antennas are quality 
engineered for top performance they are often 

imitated, but never du p I tea fed 



ATV A f our BorVJ 




CORPORATION 


UPS SHIPPABLE 


In Stock With Dealers World Wide PO Box 4680. Manchester. N. H. 03108 


More Derails? CHECK-OFF Page 110 
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SRC PROMISES UP TO THE MINUTE STATE-OF-THE-ART DESIGH AND PERFORMANCE 

WE’VE DONE IT FOR W9 

FOUR SIMULTANEOUS FILTERS IN ONE FOR UNPARALLELED QRM FREE RECEPTION (SSB J CW) 

*PLUS A SPECIAL PATENTED CW PROCESSOR* 


THE BRAND NEk SL-56 AUDIO ACT EVE FILTER SUPERCEDES 
OUR SL-S5 IN BOTh CONCEPT AND PERFORMANCE. CONSOL¬ 
IDATION OF MANY COMPONENTS NAS ALLOWED US TO MAKE 16 
OPERATIONAL AMPLIFIERS (COMPARED TO 6 IN THE 5L-SS) 
INTO A FILTER GUARANTEED TO OUT PERFORM ANY OTHER 
AT A COST ONLY SLIGHTLY HIGHER TUAN THE 5L-55* THE 
FEATURES OF THE SU56 ARE SO ADVANCED FROM ITS PRED¬ 
ECESSOR THAT CALLING IT THE SL-SSA IS NOT JUSTIFIED, 
UNLIKE OTHER FILTERS THAT SIMPLY OFFER A CHOICE OF 
ONE OP TUO FILTER TYPES AT A TIME (NOTCH t BANDPASS, 
ETC.} 5L-56 PROVIDES WHAT IS fit ALLY NEEDED --- THE 

SIMULTANEOUS ACTION OF A 6 POLE ZOO H 1 FIXED HIGH- 
PASS FILTER AND A 6 POLE 1600 Hi FIXED LOWPASS FIL¬ 
TER klTH A 60 dB NOTCH WHICH IS TUNABLE OVER THE 
ZOO-1600 Hz RANGE. THIS 3 FILTER COMBINATION IS UNBEATABLE FOR THE ULTIMATE IN QRM FREE SSB 
RECEPTION. ADJACENT CHANNEL QRM IS ELIMINATED ON THE HIGH AND LOW SIDES AT THE SAME T|HE AND DOES 
NOT INTRODUCE ANY HOLLOWNESS TO THE DESIRED SIGNAL. ON CW THE St-56 IS A DREAM. THE LOWPASS, 
HIGHPASS AND NOTCH FILTERS ARE ENGAGED ALONG WITH THE TUNABLE BANDPASS FILTER (400-1600 Hi) PRO¬ 
VIDING THE NEEDED ACTION OF 4 SIMULTANEOUS FRIER TYPES. THE BANDPASS MAY BE MADE AS NARROW AS 
14 H i OdB). ADDITIONALLY, A SPECIAL PATENTED CIRCUIT FOLLOWS THE FILTER SECTIONS WHICH ALLOWS 
ONLT THE PEAKED SIGNAL TO ‘GATE ITSELF' THROUGH TO THE SPEAKER Oft HEADPHONES (4-200Q OHMS). 
RECE IVER NOISE * RING AND OTHER SIGNALS ARF REJECTED. THIS IS NOT A REGENERATOR. BUT A MODERN NEW 
CONCEPT IN CW RECEPTION. THE SL-56 CONNECTS IN SERIES WITH THE RECEIVER SPfAKfP OUTPUT AND DRIVES 
ANY SPEAKER OR HEADPHONES WITH ONE WATT OF AUDIO POWER. REQUIRES 115 VAC. EASILY CONVERTED TO U 
VDC OPERATION. COLLINS GRAY CABINET AND WRINKLE GRAY PANEL, 



SL-M 

Audio ACTIVE FILTER 
(3.S f 5.3 f 7,5 INCHES! 


WARRANTED ONE YEAR FULLY RFI PROOF FULLY WIRED AND TESTED AVAILABLE NOW 
175.00 POSTPAID IH THE USA AND CANADA. VIRGINIA reside*™ aoo ialcs tak 

ATTN SL-55 OWNERS* THE CIRCUIT BOARD OF THE SL56 IS COMPLETELY COMPATIBLE 
WITH THE SL-55 CHASSIS. OUR RETROFIT KIT IS AVAILABLE AT 135.00 POSTPAID, 

1 i □□□ ( i 


ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 


OF VSWR AND POWER ACCEPTED BY THE LOAD 


REQUIRES 115 VAC AT LESS 
THAN 1/16 AMP. 

COLLINS GRAY CABINET. 
WRINKLE PANEL - BRIGHT 
RED LED DIGITS (*33 F, J* 
DECIMAL POINT IS THE 
PILOT LIGHT. 



LB-30 MH t 


TWO SO-239 COAX CONNECTORS 
ARE AT THE REAR PANEL. 


DIMENSIONS 3,5 x 5.5 x 7.5 
INCHES. 


WEIGHT IS 2 POUNDS. 


M MODEL SL-6S* [20-ZUGG WATTS) AND THE QRP MODEL SL-G5A* (0*2-?G WATTS) DIGITALLY INDICATE 
AHTtNNA VSWR UNDER ANY TRANSMISSION MODE -- SSB, CW, RTTY, AM Etc. THERE IS NO CALIBRATION RE¬ 
TIRED AND NO CROSSED METER NEEDLES TO INTERPRET. SIMPLY LOOK AT THE READOUT AND THAT IS THE VSWR, 
SPEAKING NORMALLY INTO A SSB TRANSMITTER MIC. t flSTANTLY CAUSES THE VSWR TO BE DISPLAYED THROUGH¬ 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE POSITION OF A FRONT PANEL TOGGLE SWITCH AND THE DIS¬ 
PLAY END!CATES THE NET POWER (FORWARD LESS REFLECTED) THAT IS ACCEPTED AY THE ANTENNA. THE PEAK 
OF THE NET PEP IS DETECTED AND DISPLAYED WITHOUT FLECKER FOP ANY MODULATION TYPE, DISPLAY UPDATE 
IS CONSTANT YET FLICKER FREE AS YOU MAY CHANGE THE POWER ACCORDING TO YOUR VOICE, THERE IS NOTHING 
LIKE THIS QUALITY INSTRUMENT AVAILABLE ANYWHERE ELSE. IT IS THE ONLY VSWR-NET POWER INDICATOR THAT 
LETS YOU KNOW THE STATE OF YOUR ANTENNAS AND TRANSMITTED POWER AT ALL TIMFS WHILE TRANSMITTING. 
EITHER MODEL IS 4 SOPHISTICATED DEVICE CONTAINING FOUR CIRCUIT BOARDS AND THIRTEEN INTEGRATED 
CIRCUITS, 


SL-6 5 

VSWH INDICATOR 


warranty ONE YEAR SL-6S 

NET POWER INDICATOR 


* TWO DIGIT DISPLAY SHOWS VSWR 
TO AN ACCURACY OF .1 FOR VALUES 
FROM 1.0 AND 2.2, ACCURACY IS TO 
.2 FOR VALUES FROM 2,3 TO 3.4 
AND TO ♦3 FROM 3.A TO 4*0* FROM 
4.1 TO 6,2 THE INDICATION MEANS 
THAT VSWR IS VERY HIGH, 


* FOR VSWR VALUES NEAP 1.6, THE 
POWER RANGE FOR A VALID READING 
IS 20 - 2000 WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
LIMIT FOR A FUCKER FREE VALID 
READING IS SOMEWHAT LESS (35 - 
IQOO WATTS FOR VSWR AT 2.0). 



* THE ROWER DISPLAYED IS THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
THIS IS THE POWER THAT THF TRANSMITTER 
IS "TALKED" UP TO. DISPLAY DECAY TIME 
IS ABOUT ONE SECOND. 

* THE POWER DISPLAYED IS THAT WHICH 
IS ACCEPTED 8Y THE ANTENNA (FORWARD 
LESS REFLECTED). 

* POWER IS DISPLAYED ON THE SAME TWO 
DIGITS AS VSWR IN TWO AUTORANGED 
SCALES* 20 TO 500 WATTS AND 500 TO 
2000 WATTS* TRIROVER AT THE 500 WATT 
LEVFL IS AUTOMATIC EX: A READING OF 
1*2 COULD ML AN 120 OR 1200 WATTS. 

YOU MUST KNOW WHICH RANGE YOU ARE IN, 


* DIVIDE THE ABOVE POWER LEVELS 
BY 10Q TO OBTAIN THE PERFORMANCE 
OF THE 5L-65A QRP MODEL*_ 


* 

M 

£ 


* ACCURACY IS TO 10 WATTS IN THE LOWER 
RANG! AND 100 WATTS IN THE UPPER RANGE* 
DIVIDE POWER SPECS BY 100 FOR SL-65A, 


PRICE* 1189. 50 POSTPAID IN USA & CANADA, VA, RESIDENTS ADD 4% SALES TAX* 


BOOKLET AVAILABLE AT 
$^.OQ REDEEMABLE TO - 
WARD PURCHASE- 
• PATENT PENDING* 


ELECTRONIC RESEARCH CORP, OF VIRGINIA 

P. 0* BOX 2394 

VIRGINIA BEACH, VIRGINIA 2345 2 

TELEPHONE fa041 463-2669 


72 character lines split to show both 
receive and transmit buffers, line 
numbering for each buffer area, on 
screen status indicators to show ter¬ 
minal code, rate, mode, etc ., and a 
new high-contrast green P31 phos¬ 
phor screen for easier viewing. The 
screen also uses bright/dim intensity 
changes to differentiate between key¬ 
board and received data. 

A total of ten 'HERE IS" program¬ 
mable identifier messages are avail¬ 
able, two of which can be saved even 
while power is removed from the ter¬ 
minal, An lDENT feature allows Morse 
identification, regardless of the termi¬ 
nal's selected data code* Other fea¬ 
tures include a real-time clock, pro¬ 
grammable answer-back (WRU), 
upper and lower ASCII, ASCII speeds 
from 110 to 9600 baud, four key¬ 
board-operated output switches to 
control accessories, and a full 25-pin 
modem connector, for ASCII com¬ 
puter connections. 

As in the previous DS3000 KSR V3 
terminal, the new DS3100 ASR will 
send and receive all three data modes 
(ASCII, Baudot, and Morse), allows 
use of continuous, line, or word 
transmitting modes, and has syn¬ 
chronous idle, unshift on space, and 
word wrap around* Both the electri¬ 
cal and mechanical features of the ter¬ 
minal have been completely rede¬ 
signed to use a Z80 microprocessor, 
plug-in circuit boards, and allow easy 
service, A front-face legend has been 
added to the keytops to fully label all 
control functions of the terminal and 
simplify operation 

The keyboard and new streamlined 
cabinet are color coordinated in a 
new two-tone castle tan and choco¬ 
late brown finish* The terminal 
weighs 45 lbs* (20,4 kg) net (55 lbs/25 
kg shipping) and can be connected 
for use with 120 or 240 Vac* 50 or 60 
Hz power mains* The cost is $1995.00 
including shipping within the United 
States and deliveries of the first units 
will start by May 1, 1979* Contact 
HAL Communications Corp T| Box 
563, Urbana, Illinois 61801 (phone 
217-367-7373) for further information. 
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TOR QUALITY 
MOBILE ANTENNAS 

from Cf C pfuwnvKrattr*': 

* Stainless Steel Hatiialor 

* Heavy Nickel-Chrome Plated 
Brass Base and Fillings 

* Mounts Come with 17 RG- 
SflAU and PL-259 Connectors, 

* Compatible with Motorola TAD 
and TAE Mounts 

iv mi * uTftDriug si/ifi* T irtHwalab 
nni/jJmo antenna iissffrnfiV with trunk 
it Miojiie Huff a A-f trtdn iR', 1 . fr>r 

BM-2700T £7 31 MHZ wave 

base-loaded 200 wall rating 
Covers 10 meters or C8 Great 
mobile anlttnna lur converted CS 
iujs If} at lowest frequency and 
is ipproximalely 42" when eul lor 
n n molars Complele wilh trunk 
lid mount assembly $29 95 

bm math Extra whip rCul one 
lor 10 and one lor CB] $5.GO 

BM-4700T Same assembly ox* 
n_?pi for 4f-b4 MHZ . . $29.95 

BM SflMT 144 174 MHZ - 
wave gam antenna 200 wait 
rating Complete $29.95 

BM-MAT 5a Of BM-MAT 22 
matching coils (these COtls wilh 
whips allow same mounting 
assembly to be used on different 
0 > bandsi . , *, , $14.95 

>0*. BM-5822 220-225 MHZ H wave 

1 * L m gain antenna ... $29.95 

Nole Deduct $4 (HJ from T price 
fm M assemblies 

Additional Information On Other 
Antenna Models Available 

G & C Communications 

Dept. HH 730 Cottonwood 
Line pin, N£ 6*510 


The Kit Project 
of a Lifetime.. 



A Schober 
Electronic Organ. 

When you finish an electronic project 
you always wish there were more to do. 
Well, here's one where there realty is 
more to do. It's the ultimate kil. a real 
live Sell u her Klee ironic Or nan! 

You’ll gel more fun from this project 
than any you've done. So say thousands 
of letters in 24 years from people who 
have enjoyed bringing a Schober Organ 
to life in ils handsome walnut console. 

And it T s a superb musical instrument. 
The live basic Schober Organ Kit models 
range from $650 to 53 391. You'd prob¬ 
ably have to pay twice as much for a 
comparable ready made organ t 

Send today for our free color catalog. 
For £1 we'll add the 12" demo record. 

STHOBER ORGAN COHP. t Dept. HA 3 

I 43 Wesl 61st St , New York NY, 10023 

I Send C atalog, □ I enclose $1 for record 

1 

I Name:.__ —- 

I Address:__ - - . 

I 

1 City. State, Zip: -- 


PS 
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THE TOWER 
OFTHEYEAR 

WE GOT IT. 


Tower Master's new self-supporting, crank-up 
TM2-471 is the tower of the year. 

It's taller. 

It's bigger. 

It's stronger. 

It's one of on all new line of hot-dipped 
galvanized sleel towers mode expressly for 
HAM Operators now available from Tower 
Master. Made to meet the demanding re¬ 
quirements of today's modern equipment. 
And if you're a HAM, you know what we mean 

Like Tower Master's TMZ-HD-554 and 
-57 5, with top section OD's of 15 inches to 
easily accommodate the new "Tail Twister" 
CDE rotor. 

Or try the TMM-HD-554 and -571 series 
from Tower Master, with top section OD's of 
14-3/4 inches These freestanding crank-ups 
will also hold the "Tail Twister," 



THE MAN BEHIND 
THE TOWER 

His name is folklore in 
the tower industry. One 
of the giants of tower 
s 

recognize hmn Hes 
Lou Tristao We asked 
him to design the TMZ 
471 tor Tower Master 
We like what he's come 
up with You will, too. 


That's why we call the increasingly 
popular T MZ-4 71 the tower of the year! We are 
convinced it really is. You will be, too. Just 
write —or coll—Tower Master today. Lou may 
answer the phone. Do it now. 

Or, see your dealer today. 


W000LAKE INDUSTRIAL PARK 

353 SOUTH ACACIA STREET 

PO . BOX 566. W000LAKE, CALIFORNIA 93286 

209/564-2483 Day 209/733-2438 Night 
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A complete fine of QUAL/7T 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan¬ 
dard. Use with our CHAN¬ 
NELIZE R or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con* 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE . Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available in KIT FORM - 
GLB Model 200 MINI SIZER. 

Fils any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton St., Buffalo, N. Y. 14206 


MILITARY 

SURPLUS WANTED 

Spdce buys* more and pays more High. 
CSI prices ever on U S Military sur¬ 
plus especialh on Collins equipment 
Of parts We pay MeigM Ca" cOMeof 
npw for ou* ftigtt t>fr hi 201 440 &7&7 
SPACE ELECTRONICS CO 
div of Military Electronics Corp 
35 Rula Court S Hackensack. N J 07606 
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PP 2 a PP-2K 


Supplied with Instructions, schematic, template hardware 
PP 1A designed lor Standard Communications Handholds 
(California orders add 6*\ sates iax) 

wiCyl PP-1 = 449.00 PP 2 * SS3.00 PP1A = 558.00 

PP m = $55.00 PP-2K ■ $59,00 
pt** v K series = Sell Contained Delay Relay 

M-Series ■ Detached Ffame lor irregular installations 


? 0 6Ok 3435 
Hollywood, California 
213 852 1&15 


Va 

Order 

To 


qoo?8 


Emphasis ts on Qua/ft y & RoUamhty 


POSITIVE TOUCH {KEYS DEPRESS) * MOBILE * 
HANDHELD * POSITIVE MOUNT * NO RFi • NO POTTED 
PARTS (SERVICEABLE) * MIL-SPEC COMPONENTS * 
SELF CONTAINED * XTAL CONTROLLED * LEVEL 
ADJUSTMENT FROM FRONT * 4.S 60 V.D.C. * WILL 

OPERATE ANY SYSTEM * LETTERING OPTIONAL 


375 


(800) 325 0636 
(213)272 0061 
(703) 93B 3350 
(3031 833 5525 
(2l3ift34 5868 

List & Catalog 

AT&T 


Available ai Ham H.iOiu Ceniei 
Henry Ratin' LOf> Angelpf. 
Electronic Equipment Virginia 
CW t U t’tromcs, Denver 

C 8 ^ e. letbonics Lonq Beach 


Send For Complete Dealers 


PATENTED 


Heavy Duty Power Supplies 

from ASTRON 

High Quality • Rugged • Reliable 


SPECIAL FEATURES 

* SQL ID STATE ELECT ROM IC Al LY REGULATED 

* FUlD-BACK CURRENT LIMITING Protects Power Supply from 
excessive current & continuous snorted output 

■ CROWBAR OVER VOL TAGt PROTECTION on Models RS-7A 
RS i?A RS 20A &R5 35A 

* MAINTAIN REGULATION & LOW RIPPLE at taw line input Voltage 

* HEAVY DUTY HEAT SINK * CHASSIS MOUNT FUSE 

* THREE CONDUCTOR POWER CORD 

- ONE YEAR WARRANTY * MAUL IN U 5 A 

PERFORMANCE SPECIFICATIONS 

* INPUT VOLTAGE 105 125 VAC 

. OUTPUT VOLTAGE 13 8 VDC £0 05 volts 
[interaaiiy Adjustable ii iSVDC) 

* HIPPI E Less !hjn bmv peak Id pea* ( f uM load & low ime) 

* REGULATION t 05 volts no load lo lull load & low line ID high line 


ASTRON 12 AMP REGULATED 
POWER SUPPLY Model RS-12A 

9 Amps continuous 
12 Amps ICS ' 

4Vr"(H) x B"(W| x 9 M [D| 
Stnppmg Weigh) 13 lbs 


■ ntUUI mi mn Z uj vuiij, uu iuju ig luniudu a iup* jimp iu ... PgCfi $72 95 

Other popular POWER SUPPLIES also available: iSjto leai^es and ip*C‘ficai*ons 45 Jtovt) 

Oonlmuous ICS' Size [in.| Shipping 

Model Duly (amps) [amps) HxWxD Wt. libs ) Price 


Continuous 
Duly |amps| 


RS ?0A 


RS 7A 
HS 4 A 


3V* X m x 9 


3'A x 6 x l'/7 


MCS - miormfllcmCommunicalNori Seryce 150% Duly Cycle) 

II not available at your local dealer, please contact us dfreelly 


CORPORATION 


Inside View — RS-T2A 

1971 South Ritchey Street 
Sania Ana t CA 927D5 
{714)835-0682 


iViv^ntiiiR 

THE l.R.O.lNm HIM- 


The timr ha* ccunc fur dll jnrulpur^ tu unite *‘n sight. 

VVf must tncrtv Fniih [Tthcr || Jo pthet Ir4lrm.1l 
mpanuatiom Thr ability in rrcoKnur «rh olhn nr 
^ny iK'tniiir ii j I rue m ^.r k ol ffdlc-rrul bfinhrrhood 

Croup It! iWBlI.CK, KBzPX and KBzD?i drugnnJ 
tbfj- 10 Ljr-jt |5 l ‘IJ nnfl In pnrlrjv t>UF KTTilt *nd proud 
fnltmily This tkquiMrr ting is- runic- txduuvply I nr 
yciLi by liulfnv Iwintd Ummi^ bn ihnr quality *chJ*VC~ 
mrnt rinfrvt with your nil letlrre prominently displayed 
For drljilpd information jnd rruuH* rink mztt Write 
j|^ Gmu pill S,i 1t ti 

aSm Depi 35 r O Bm 25* 

N.p (Iflipflon I Jl I If Nrt Ik ^ ^ 11 


TEST EQUIPMENT 

All equipment iisied is operational <»nd 
uncondifionnlly gunfrinteecl Money if not 

Prices listed ore FD6 Monroe 

Boontog I90A Q mh 70 260MH7 

Q 5 1200....... 295 

GR TOOT A SI and sig gtzn 5k Hj 

50MHz t alib attn . 255 

H P170A1USM140) TOmHZ scope with 

reg hoci?. dual Jrace vert plugs.a?5 

Tek565 Dual beam 10mHz scope 

less plug ins (3 secies) . 625 

LJRM25 Stand SigGcn 10kHz 50MHz 

calib atfn. 225 

Weinschel 70Rrec RF afm DC 
IgHzO 60dhJdb steps 4w 3V5 

L Ists culd.iied Wr i le ipet ftymq Ti'M 
t-quipmenl 1 nm?ds Quitk fesponsr svwrtiO 

GRAY Electronics 

P G.Box 94), Monroe, Mich, 48161 

3pf’f i a 1 1 z.nq <n u%efl itM tqu'pmrnl 


DIPOLE / ANTENNA CONNECTOR 


HVf Qur ■ MQ 1 1 iT.pt>. oI d. hi. 
ed<* 50 ;39 ukitl imHM min (lav* 
1iif#fl pi«i« body 14 *-cc«-Pt cm* 
Pt fine on Ur d cap ***p« 

I'm I ill i'if’, m i uniiuiNm ms Ilh'hi 
i.i.iiM'1r< ■! *1 ii' clF-^ir" i.r M 9b 

Cun ..ni.M^titri J/V W 


BUDWIG MFG. Co. posntazb RAmnnH 

Ca Res add 6% Sales tax 


NEW 

FROM GLB 


full 

'Si^r 

ms bun* 


0 
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Puts the World 
at Your Fingertips 


Get your antenna high enough with a TRI-EX 
tower and bring the world to you. 

Receive signals which you have never heard 
before. 

Send your call to other HAMS who have 
never heard you. 

A TRI-EX tower will give you listening 
power.,. calling power... and stay-up power 
that means durability. 


Durability comes from TRI-EX's 25 years of building 
guality towers. These years of experience combined with 
the latest engineering knowledge and materials are used 
to design and build towers which stay up under the 
antenna loads and wind speeds specified. After manufac¬ 
ture our steel towers are hot dipped in molten zinc 
(galvanizing). All exposed steel is covered inside and out 
- including the inside of tubing. 

Our aluminum towers are self-resistant to corrosion. TRI-EX 
TOWERS makes them all: GUYED TOWERS, CRANK-UP 
TOWERS, FREE STANDING TOWERS, STACKED TOWERS. 

A 

And we will install a tower on your site, upon request. 

I * 

Call, or write TRI-EX now lor information on the right 
TRI-EX tower for you. We will send you our complete 
of prices, delivery dates, installation information and 
of your nearest dealer. Cal TOLL FREE. 


Call our New Number 
1-800-528-6060, Extension 1025 

In Arizona, dial: 
14100-352-0458, Extension 1025 


CORPORATION 7182 Rasmussen Avenue, Visalia, California 93277 




More Details? CHECK-OFF Page 110 
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CBC CONTINENTAL SPECIALTIES 

PROTO BOARDS 


Proto Board 203 


ELL 1 .; U ULlI> 

Mn-dfl Pi (0 n*1utf«> 11W h- still *71 AWG 

N»W1H Wirt _ 


IDEAL FOR THS AO 

Plug kHhUjch* In <m 

CprnfRil» r iyilfT 'K3.nr f’.g 

'men coni i o’ or citHhe_- 


CASSETTE: CONTROLLER 


In* CClOO cornrrrti ciuifle 

PhOTOi' tgnrtumt man nor i 

upl vPl *1 inlernil 

U"pj»r' iruj r«quiir*r no 

Wh*t* [■nrwims rtw c»uogp*^t 
arc uTpiyggr^fl Of eMAi Ihe 
*i# cpmoirtf HuUnp ochfj, 

nan Irnfn UUiU 


*CC TOD 

$ 29,50 


63-Key Oneneeded Keyboard 


Tto* i t .i 53 try terminal keyboard w»ry manulactuftn By a 
lire# compute! nwi«ll«1uiflr It r& (I nertCijLlPtt wllft Sf ST h*yi 
u njrtadird 1fl any trniJ qI PC bw rij A vaty SMUfcd pUtl*. 13 

. i r , t *m iflwTwpiMtiw in stock s 29 95,each 


Hexadecimal 

Unencoded 

Keypad 

19 T<ey [Mit includes i IQ keys 
ARCOFF and 2 optional bays and i 
shrti kw S10.95/aach 


SUMbl^i iikuorta r*>rt <nn> MUM Id HTlf EKalli r, m«ui _ 
ping tmtl IX«u II mg wimj " dp, h (film " (ftrlfi nr| 


Model PI 80 Tool 


$24.50 


PI BOA HipltcAiiMM 0ii .. . 

W28 2 HtpiK«rn«ni Mirt 13 vaot pk|.l S27&n. 

SftmctTy crrfrrr A pprlp ff fWtt CtlUK D fllui* 


■ »*'■*“»•■ r"« "• ¥-—— ■ 

• a * t« uni top Counter 

• f 1P&*F*» ¥ fOL [»;■•<• ■ 

lOMnmMiH uyvti litKi'ifvwv 

• trfr (tiffti my vitr lah 

¥ ''jbV £E ’IJWV, pfUH‘ t«a llWI ¥ 

O0 (nhU**: - | l(ji 


HM-IDD « 

jP 


ACCESSORIES FOR MAi 100 

Mvhil* tU|V tutpuuntr 

iw win i*— t* Wk i ikw 

Dki-ipr BftMutH 


'■ OillB 


CAiltfi 


pa Mia *124.95 


Transistor Checker 


— Complrltlv Aittniblitf — 

- Binary Of*rtT»ri ■ 

In* ASi tiwiilkta' Ch«fc*r liiap 

(rfrl* o< ■ Iiki ir*o * *,£>• 'mg* ?l 
Iririf |tor tVMI pitH*f ’H OrCU-t 
ei out of cutuli To antiiii 
tuTiuiY |>i ij g |ti« t" «ji * iTtrt Itr L4 
(hw**<l nio ihi front tun*! 

i«iii Ot connvcl H WllP» (h« fllli 

QdTCr 11 ip Ini laid* pidV«Ha 

The urrrt **l#ly ■*'41 autorn■(■£*<k 

rdVItlllM t'.i ■¥'*'ll'jrrh *P!j fi 

I'Ont' PM" *nil MN IIMI ITS'* 
S'f* 3 V 1 6 1 * ■ 2‘ 

' 1C" c rfl biff* r y rtd f unfa tint 

Trana-Check ^29.95 (?Q. 


Custom Cables & Jumpers 

,AV 


DR 25 Series Cables 


Part teg 

Cnbl* Length 

CanneciarB 

Pnc* 

DB2JP 4 -F 

4 Ft 

; UP2&P 

$15 95 ti 

0B2M 1 4^ 

4 ft 

i DP75P 1 •••• , 5S Si6 95 fiJ 

0B25S tl 

4 ft 

2 DTOS 

117 % n 


Dip Jumper* 


Du U i 

1 Tl 

T 14 Pm 

SI 59 M 

OJifi i 

1 TT 

M( Kn 

1 79 ** 

1 

1 ft 

1 24 Pin 

2 79 m 

DJT4 1 11 

1 n 

2-H Pin 

2 19(4 

(W16 f 16 

i n 

2 16 FV» 

3 19 m 

DU24 1 24 

i n 

7 -24 Pm 

i 95 m 


In tuiLAm CjIUi A Junun 5« UttCD Ittl -LiIaIbm i« entiH 


‘Pennywhlstle T03" 


$139.95 


Kit Only 


Ip* r*IP*T^IFrtv 1W .i l! ¥ £ 1 !*•* !> ¥4 

i*0tv uJi-: nji#r'ir<i ik tm imm' rtib i» Hi 

■KfcM* ft I'M ¥ Ode# m.-Vll'VHI #’ii 9 IwrP v* ’WP’ l 
MA 


-■torn *“=W 


IfWIMt 


P^PHt 


V/* ■ W, 4MK. ,)■+ l.w 


‘4»* |4f>m * -* ■ ¥^T t 

.“in, mi* mi Hu <m 

'.**p hum lap fw*Vi 1W 
I Mt '*1 m Mt 1774 


14 WP <*H* HpyUJdP 'rfl-" t »r> 

H# fflaa* 

*Md ’■*♦«. :. i.U*ir,;*'tf jTi.'.H it 

Mm br l«i*« VW i MJC M .'■•’*► HJ 
ta W JT7C # !U *J tstw* Of IKpit i 

rf-' -V m frail 

J ‘ a ^s«.■*-*■! -tv i v * t -j* 1 t 

frtftlH i*l yd bawd JU ; ■ ’wVd 

■U ¥ypt !'«■“ -» f*v p' r4 1 y i.ru 1UM P ¥r <*sr 


TRS-80 

16 K Conversion Kit 


Expand your 4K IRS 80 System to I6K Krt 
comes complete with 

* B «ach UPD'iiS't ti6K Dyruimic flornRi 2S0NS 

* DocurnonT,i1ion Id COnvflf5.ion 


TRS-16K 


$ 99.95 


CONNECTORS 

Z5 Pm-D Subrmniature 


MICROPROCESSOR COMPONENTS! 


--*w* w IV##0K1 «TKU--— 


HW CFU 1 i *> 

mi I H ktfyrf teet* 474 

$711 pr&*r i"i¥" Jfp BMiai 4« 

L'! fc [hrvAWP ha On*, 4 IB 

<M4 Cen t t**r**' £m*P j« 

iJ.'ti M Draw 11» 

tw*‘c0m M tln*r 4 » t - 

int CdntTDto 4« 

S7S1 ■Hhji Comm MJiLUtfl; 7» 

W4] fTB irrtpw IW II IB 

H» Wife FWVft Iff |W| * to 

b?v free «» on 

cy iPins >¥tP'£pf CwarP l« «• 

-HO HO HJPTM I WY1Q J- 

IKUK unj ill H 

VtMKCr vm. P* Clan pp * 

Main** >fi>f ftp *!• 4« 

hkm; 1 t v«*. *e u** iveil^' n» 

VlJA, r fnerh I f n 

UCUJOLl IOL 1 1 1 ft Hr *i ‘if UCfAA.1C> ! I* * 

iiC4*w m**- ’n 

tmtoy’ SpnciPVPul svmti 3H1 , 4 H 

U»M(' 0IDD pri 0*U WKH V 1: H 

w.iJk ;us Mm la.Wp i ■« 

uc»w ijiiifl'.'akii UGtT i »» 

-Hcwmatu* o»PT- ititi luuioi»- 

.mfiatri Ai h*k 

SHSMl CPU 7* K 

3U It *4 

tbd teu (t« 

W.14 » Hn ur-j ■ .«» n.Ml t ' 1 / 

™ Al It B 

1* hi U* . v, 

k Kfli *| « 

- — —-"fcarmimini-— 

VW50CK D*»K Ui'VH I 50 

UU4T,» Ch* to fct 4,<ur« 40 

u«4H» Ekri* it IN Rw 40 

tuft** Dvtf IH «f $WE M 

V«4!W D^W W h au.“vyiK< H 

VM-y.lV WtlZItlftW* ti 

.•yur iSMOHPrtp 414 

Jill •<¥, V h 4tSK 4 **. 

74JJ IU 111 ha Hue* t tj 

.TJ' JU 9W » 

7424 ICC l DpaiK 7 V 

hh (mi tm n Ha* :r 

7471 4 00 

TUI Oval 243 la 9« I 00 

74U MHbte >H 

J4XI 1 DJI Sttet 1 % 

4441 fib a 14 

• h *15**3 %,:r la rtf 

- min—- »“ 

* t 4 mil n uutj 4 r, 


if rtOMOCI UQN UkuMI--- 


■* mt 

U* Ui■■ 

P» 

nchPito; 

'.I*u U.'UI 

r*a 

i -S« 

IW Wrve 

4 W 



. HJIU 1. 


TSlUJUffi 

Our ulw bPWilfWifcfe* 

tet* 

TyikiaJir 

OUHt* 1 


i«i 

ran 

OiK*mr c* *'+■> 

ID frS 

um'. <at 

7MI S’ R 

M Dw, W**^> 

TP 



■ HI 1 


ufif 

w 

mm 

tl n 

niw 

iUJ4n 

ftllPR 

te 

?te1|*WT| 

74U4 

Stu 

i n 

: ie 

iCill 

SUM 

1 IS 

TUB 

1®4l1 

SMs. 

i« 

J111111 Mi 

JVU4 

Mt 

ik 

JIT/ 

rtt“ 

Sue* MW 

■ *1 

im 

IL'IH 

4WK iMh, 

ip 

jnti 

1(01X1 

Sun IV>n .* p* 

nap 

fm i 

11? 111 

vuh. rco-t 

tap 

7 nil 1 

lajm 

' ■J*. .fiV-' - >v |-^-- 

iim 

*i0i 

.‘41*4 

54K 

(« 


«0Hx.’ 

Qr^p 1 "- 

■P 

:u« 

ir.M 

fiee 

t 7* 

ItSIM 

54Mi 

yjfcy T'-tfvb 

IP 

rw?i 

7*0’ 

*feex 

1* 

k|FD*M 

*i 

it e* 1 

(n 

mMU'n 




umn* 

IP 

[VM^-yf It |M 

IIP 

if. mf, 




1UTJC41 

0 

kUK 

HP 

*Wn 




iWjo*S 

ltaiM 

Sim 

TIP 

7117 

it >mi 

L>r*j “. t T-Gr l 

IP 



|TvUr** -rtrtpfj 


Uli'.ftH 

W»l 

DfUnr 

1 i Oft 


--- fUQIt t 


i7rc* 

7W 

IUV 

ii H 

1U1741I 

16» r 

IP*.: m-V f71(,| 

itP 


-HtQ^idn ■ ¥if JX»*r 


'M'.AM 

44 IN 


«*P 


I* 

mm 

■i; v 

im 11 

1 b* " 

EPRiBU 

ftp 

*'[\w>rTt 1 -4*en iv -SS -l/v 


VJfrt 

?«• 

PAW)'. 

tl H 

*wn urtin 

ra?t 

IritU* B«<we 

ill 

■ lift iitean i 5 y.- 

Dm L k# :*4. 

7» 

tJSJI 

1TW 

D0P CcPA* 

JP 

17*115 

4-Hft 


■IP 

mm 

17U 

l-^TM 

}h 

1 11H 

IT? 

m OeP 

in 

"l r M 

M 

111 OK. LdMo* 

IP 

ixwir 

’(HI 

Oh 

?» 


COMPUTER CASSETTES 


Board 203A 


Solar Cells 

2x2cm 


SUP ’R’ MOD II 


the 3 rd Hand 


MAKES CIRCUIT ASSEMBLY A BREEZE* 


NMr 

JP** 

n -w 

PI IM 

n >u 


LlViH 

i!“5“L 

1 0 • < J I 1 4 

to t 6 0 r 1 * 

'i I - « U i M 


3’j-Oibh E’erieaie OMM 

4- "P ■ 1 > .p 

V ■ - >* .4. 

*. « . I rf = ^ a- 

* * 

■- !■■ i 

e 'if a .* n ^ 

m « . . “ -r h 

■ 1 « . « 

Al'^t 

*» i -‘ijy i P.vir. 

’"Hi ’**T*"f-« 40 *4.' a, 1 

D* *L & iflt^-4 


AjzttttOnil 

AC Mftar ICH 19 00 
FEacAtfgubit 
Bintritt BP 24 20 90 

Cirr>lA| Ciu LC’21 7 M 


JtaflU' 

pit 

p*'i« 


htiH 
imtMtf 

f.nuiiu 

&n *iv i it 


■ U lN *wyf » ■» 

mm i W - 


|DB?&P fudurnif PLUG lUcels RS232) IT 95 

UB2iS SOCKET iMwts RS232i W M 

DRST2?fi l Cifthj C 4 W 71 Fo* D5?5P or 0925S SI 75 


PRINTED CIRCUIT EDGE CARD 

Ij* (« fMwa hi* tv Hr*w fir* * K «H * *73 f C (Jf* 

15 30 PINS [SONrtf EyfWfi 5195 

IB 36 PINS tStf ilei Evdet} 5? 49 

2NU PINS tSoWr Eytfct) V 95 

50 100 ( 1 DO SpaCjefl i PINS i Wit# A ■ 4P ) 54 95 

SftiWiJJS SlMW PINS (Wnr Wriy) R59M 5*95 


.6 EACH IS MINUTE H«SH 


QUALITY C 15 CASSETTES 
. PLASTIC CASE INCLUDED 
12 CASSFT7E CAPACITY 
. ADDITIONAL CASSETTES 
AVAIL AM F #C-15 1? iOt* 


- 'i ” 

■' m * ■ 4 + * "7 ■ 

, — ■ i 1 • — - 

* * m * • *_ i*ij* * 


CAS-6 


$14.95 

(Chi aid fi Ctuftmi 


*0^1 volts 
* lOOinA 
*41 MW 


MOD II $29.95 Kit 


IU you work wilfi lioth hmdi 
:uf [fy A1 ummu m Comlrucnon. 


39.95 ea 


* CLimp 3rd: Hind' an rd|t 
qE brnch, Utllf Dr vrarli 
baird laud circuit hand, 
potflion tomponoint. 

■ Tlip circun batrd to H#l 
pUiituin fat wldiMiig in# 
dipping. 


Prill 
171 K 
ui n 
jw to 


JE701 


■ nn^jrfi jw r*!- ■*-**■■■■■■ i**r a 

CM.IW dr*pl*tV 
Mim MWfrJ[4 , lr,..-1 
*$i*'lllill Inr tioun. rTikr>,iiTn4 
■ mt hold inull** 

-Mr* aat'lv viatvatti* m 2D " 

■ ^lITVnialKjl ^jlnyl Lml* 

• lit V AO Piiifylia,' 

*12 or 2* In 

• inc| jl| Cdnip&iunll aiJ' A 
All! t**il|f«, rnp#p 

• Suro 0% - J' I" - t"“ 


Model 2800 

S99 95 


C^n be jdded in Kenos loi 
higher voiUue or porolkl fpr 
higher current 


=5C 2x3 STOSfla Of 3/S&.00 


UHF Channel 13 TV interface Unit Kit 


A.On 0afhti R'W ar C#Jor System 

* Comertl TV Id Video pruUy io« 
hone computer* CCTV an#fi, 
Apple II wk* with CM"n#co Dai^ 
jiff SQL 20 IPS‘60 ChiHeftoer 
■lE 

MOO H If pr*ru«W) 10 ChAnntl 33 
IUHFt 

* inmide* nunjr ubu iod ahitrina 
[ffl.niFprmef 


6-Digit Clock Kit $19.95 REGULATED POWER SUPPLY 


REMOTE CONTROL 
TRANSMITTER & RECEIT1R 


JE200 


JE200 SH.95 


5V 1 AMP 
POWE R SUPPLY 

•Um LM3D9K 
* H Ml in nk pra* rdtd 

■ H: Baud mrlltutliDfh 

■ rrg«Kj*L a wild 1 amp 

# 5 talk 

.Can UJfjpty up Id * 5V. 
IflV and iliv Milh 
JEJG6 Adtpfa* 
»|nclyd*l comtKin*nU, 
K*frf#ui & in si ruction* 
•Ste«- 


JE205 


INSTRUMENT/CLOCK CASE 

Tni4 ta&e i> an InitcWm rn*jin«i 
unn ttiai j* kI f*J Iqp use* such 
* Ji OVtt COUNFEH or CLOCK 
tases 11 hi*. dpmcrtHan* of 4 V 
in lengih by A fin *i>Jih by 
1 9 16’ tb bugfli IE t&nte4 
campteie mith a red btril 

PART NO: IN-CC S3 49 each 


$10.00 Minimum Oteltf — U S Fundi Only 

Cahiorms nendenu - Add 6% 5ii«t la* 

. ■ 

: R fct ' am 


ADAPTER BOARD 

- Adiptv la JT 200 - 
IS Vf. 19 V iltimiV 

*OC/OC ramiH*' *7 
+ 5V mpui 
•Tur iuu j l hi ipiid 
iwutchitiQ XMf-fl 
■$hot i lire pro ted id n 
’PC flMl IDUtfrutliqn 

■Prlfl * beck lo Ji ZOO 

bo ard 

■S.*e 3*’ ir h 

JE20B £12.95 


Spec Sb«m - 2S( 

1979 Caning AttilaeiD—Sand #1 Uamp 


-a O 11 .£ c 

I 




ameco 


ELECTRONICS 


i * J-pMi i BLJe imilMlAi. 


PHONE 
ORDERS 
WELCOME 
(415) 592 809? 


IM//- OKDtJi ELECTRONICS - WORt Db'WF 
1021 HOWARD AVENUE. £AN CARLOS, CA 94070 
ADVERTISED PRICES GOOD THRU JUNE 
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RATES Non-commercial ads 10$ per 
word; commercial ads 60$ per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


RM-300 RTTY MODEM, the complete TU and AFSK 
generator on one board. This modem featured Sept 78 
HAM RAOIO. Complete documentation $2.00. RM-300 
Modem or RP-400 Power Supply board just $21.25. Com¬ 
plete RM-300 or RP-400 kit less PROM $71.25. PROM pro¬ 
grammed with your call $7.00. WA6DNR Eclipse Commu¬ 
nications, 5 Westwood Drive, San Rafael, CA 94901. 


VERY in-ter-esMng! Next 3 issues $1. “The Ham Trader”, 
Sycamore, IL 60178. 


MUSEUM for radio historians and collectors now open. 
Free admission. Old time amateur (W2AN) and commer¬ 
cial station exhibits, 1925 store and telegraph displays, 
15,000 items. Write for details. Antique Wireless Assn., 
Holcomb, N. Y. 14469. 


ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS! 

Parts, equipment, stereo, industrial, educational. Amaz¬ 
ing values! Fascinating items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh, N.Y. 12901. SURPLUS WANTED. 


Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 

F Basil 

Hauptplalz 5 

A 2700 Wiener Neuslad! 

Austria 

Ham Radio Holland 

MRL Ectronics 

Postbus 88 

NL-2204 Delft 

Holland 

Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 416 

B-9218 Gent 

Belgium 

Ham Radio Italy 

STE, Via Maniago 15 

1-201 34 Milano 

Italy 

Ham Radio Canada 

Box 114, Goderich 

Ontario, Canada N7A 3Y5 

Ham Radio Europe 

Box 444 

S 194 04 Upplands Vasby 
Sweden 

Ham Radio Switzerland 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Ham Radio France 

Christiane Michel 

F-89117 Parly 

France 

Ham Radio UK 

P.O. Box 63, Harrow 
Middlesex HA3 6HS 

England 

Ham Radio Germany 

Karin Ueber 

Postlach 2454 

D-7850 Loerrach 

West Germany 

Holland Radio 

143 Greenway 

Greenside, Johannesburg 
Republic of South Africa 


STAR-TRONICS monthly picture flyer is full of parts and 
pieces for the builder. Cheap. Quality. U S. only. Star- 
Tronics, Box 683, McMinnville, OR 97128. 


SCHEMATICS, PHOTOS, AND TECHNICAL DATA 

wanted by historian on merchant marine receivers made 
by Cardwell, Cutting and Washington, Federal, Heintz 
and Kaufman, Kilbourne and Clark, Signal Electric, and 
Wireless Egert; also on amateur receivers by Breting, 
Davco, Galaxy, Guthman, Lincoln, Morrow, Norden- 
Hauck, Patterson, Pierson, Pilot, Postal, REL, Ross, 
Silver. H. L. Chadbourne, 530 Midway St., La Jolla, CA 
92037. 


MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup¬ 
pression accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 98362. 

MOTOROLA EQUIPMENT: (15) U43HHT-1100E High 
Band 40 Watt Motracs, no accessories, Serviceable Con¬ 
dition at $100.00 each. (5) Mocom 30 High Band (Low 
Split 136-150.8 Me) all accessories, Serviceable Condi¬ 
tion at $250.00 each. (10) T-1200 Remote control con¬ 
soles less mics. Some have clocks, some not, Service¬ 
able at $100.00 each. (5) Motorola single tone decoders 
at $35.00 each. Cal Moss, KL7HEM c/o NAVCOM 
AVIONICS, P.O, Box 11560, Reno, Nevada 89510 (702) 
329-0019 or 786-1296. 


RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 


COLLINS FILTERS, $30 each, F455N-20, 40, 80, 160 with 
matching components, Guaranteed. Ernie Franke, 
WA2EWT, P.O. Box 364, Colombo, Sri Lanka (Ceylon). 

MOBILE HF ANTENNA, 3.5-30 MHz inclusive, 750 watts 
PEP, center loaded coil, tuned from the base, eliminat¬ 
ing coil changing or removing from mount. Less than 1.5 
to 1 VSWR on all ham bands. $119.95 each — contact 
your local dealer or order from Anteck, Inc., Box 415, 
Route 1, Hansen, ID 83334. (208) 423-4100. Master 
Charge and VISA cards accepted. Dealer inquiries 
invited. 


450 MHz REPEATER DUPLEXER: Decibel Products 
DB-4023 (3 cavities), $175. Hank Riley, 408 County Street, 
New Bedford, MA 02740 (617) 994-3487. 


ROHN TOWERS — Buy wholesale direct from distribu¬ 
tor. 20G sections $28.82 each, 25G sections $37.62 each, 
45G sections $57.20 each — 100 foot tower kit complete 
$646.02 — 40 foot free standing BX tower $179.45 — 48 
foot 25G foldover, freight paid $565.00 — Hill Radio, 
2503 G.E. Road, Bloomington, IL61701, (309) 663-2141. 


POWER TRANSFORMER — Hypersil core. Primary is 
four separate 115 windings. Use on 115, 230 or 460. 
Secondary is 803 VAC at 735 mA CCS. Voltage doubler 
circuit to del iver 2100 VDC at 335 mA for SSB. Or put two 
transformers in series bridged to obtain 1500 VDC at 735 
mA. Pre-paid USA $39.95. Send check with order to 
W4DCZ, P.O. Box 426, Fairburn, GA 30213. 


QSL CARDS 500/$10. 400 illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, MO 63130. 


VOICE OF AMERICA has opportunities for U.S. citizens 
qualified as Civil, Electronic, Mechanical and Electrical 
Engineers. Supervisory openings available in Liberia and 
Philippines for broadcast station construction projects. 
BS in Engineering or equivalent experience in construc¬ 
tion and contract supervision required. Must be avail¬ 
able on a worldwide basis. Starting salary commensu¬ 
rate with skills and experience plus housing and over¬ 
seas allowances. Civil Service Application (Form SF-171) 
available at Office of Personnel Management (formerly 
the Civil Service Commission), Job Information Centers 
and most federal buildings should be sent to Interna¬ 
tional Communication Agency, Code 15-79, Washington, 
D. C. 20547. An Equal Opportunity Employer. 


WANTED: Passband tuning unit from R-4A or R-4B, or 
complete junked receiver with tuner still intact. K1XX, 
ham radio, Greenville, NH 03048. 


BUY-SELL-TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. 
Associated Radio, 8012 Conser, Overland Park, KS 
66204.(913)381-5900. 


TELETYPE EQUIPMENT for beginners and experienced 
operators. RTTY machines, parts, supplies. Beginner’s 
special: Model 15 Printer and demodulator $139.00. 
Dozen black ribbons $6.50; case 40 rolls 11/16 perf. tape 
$17.50 FOB. Atlantic Surplus Sales, 3730 Nautilus Ave., 
Brooklyn, N. Y. 11224. Tel: (212) 372-0349. 


COMPUTER FOR SALE: SWTP 6800 w/16 memory. Real¬ 
time multi-processing OS. Extra interference and 
memory boards, lots of software. AC-30 cassette inter¬ 
face included. $1200.00 takes all. May trade. KL7EWQ, 
Box 839, Wasllla, AK 99687. 


14 Pin DIP extender cable. 


36" long with MOLDED 
plug each end. Highest 
quality $2.00 ea. 




Molded bridge rectifier. 100 
volt PIV @ 2 amps. 45c ea. or 
5 for $2.00 ppd. 


Photocell first quality plastic 
encapsulated. Dark resistance 
100 megohm; Lite resistance 150 
ohms. 20c ea. 6 for $1.00 ppd. 


Single RCA type jack. High 
quality factory new. 15c ea. 

8 for$1.00 


7 segment display FND type. 
Cosmetic rejects. Common 
anode .5 high. Real nice. 

75c each 





Jumbo LEDs. .2 inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd. 


4PDT Relay, 12 VDC coil, Potter 
Brumfield, 5 amp contacts, fac¬ 
tory new of course, a beauty. Also 
available with 24 VDC coil. 

$1.90 ea. ppd. 



Vertical Mount Trimmer Pots 
— All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - 10K - 20K - 25K - 
50K- 250K- 500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1.00 ppd. 



Highest Quality E. F. John¬ 
son Trimmer Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmfd. No junk. 

90c each; 10 for $7.50 ppd. 




SUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
new and complete w/ali hard¬ 
ware. $1.35 ea. ppd. 


Just arrived — thousands of ICs. Re¬ 
moved from sockets on new P.C. boards. 
Ail marked with standard numbers and 
in the 7400 series. Examples of nos. are 
7486-7495-7496 etc. Chance of a life¬ 
time. Sorry no choice of numbers. We 
mixed them up. 50 for $7.50 ppd. 

100 for $12.50 ppd. 


Transformer: 115V AC Primary, Secon¬ 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 10 Amps intermittent 
duty. Ideal for 2M rigs! $8.00 ea. ppd. 


ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 
PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863-7006 



////Electronics 


12690 ROUTE 30 
NORTH HUNTINGDON, M. 15642 
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GAMES COMMUNICATION SYSTEMS 




SEND 25 CENTS FOR 
NEWEST CATALOG 

WhiNhOHSV * Co. 

to NEWBUfiY DRIVE AMHERST NH 03031 


Modi't :^76 

$19.75 


Model 550A 

$17 50 


AN PENN A 
CHANGE! )VKH 

RE LAN' Auloriidlii 

njw'Mlu ui VOX ( iii'tiH , 

ITT m rmnUal I" R 
-wtU h ] i. il H t iamM % C ’ W 
'2000 muMs SSB), [ id 
wills Ai ’ 

Model 377 $22.50 

Others available: 


Model 

Oli l j hi t s 

Ornricclm 

1 Via 1 

5.S0A 2 

2 

Riiduil 

$14.95 

551A 

2 

K, itlkil 

$17,% 

b% 

5 

AxbJ 

$18 50 

590( I 

5 

Asia! 

$18 50 

556 

Bj .u kft, 

wall mount 

$ 95 


nfJitrf ,tin i inf/iuul huh. . 


JNOVV IN STOCK M Tiansmifting 

Vcirtahles l 1 Roller Inductors 11 Counter 
DmJs • Air Wound t'oils □ Couplings 
i ; Knobs n Receiving Vtin.ibfes □ Toroids 
□ R E Chokes t I Coil harms EJ And 
nriuiTi more from luimes like * Milli n 
* I f Johnson • Barker <& Williamson 
■ J W Miller * Hammadund 

For RUSH ORDERS Call 

( 603 ) 673-7724 

Arif I $2J)0 per order to cover 
shipping St handling charges 


Model 595 

$21.50 


Model 592 

$17.75 


CLU 0 CALL PINS 3 l-nes Vi v 3 o $1 55 cacti Call, lirst 
name and club Colors Blue, Black or Rem wnn White 
letters jGatalogf Arnold Uninoi, 2Q4 i Linden Sheet, 
Ridgewood, N Y 11227 

WWVB RECEIVER The Elemnh Model LXK receiver 
receives the 60 kHz WWVB signal and provides the tol 
lowing outputs: 60 kHz and 100 kHz, phase locked to 
WWVB earner and the demodulated WWVB time code 
Send for brochure describing the receiver [o Elemek, 
Inc.. Dept, H 6500 Joy Fid., East Syracuse. N, Y T3057 

FREQUENCY ALLOCATION CHART See how Ihe enure 
rad to Spectr uni is used 2 kHz la 200 GHz. Send $3.00 
Collins Ghart Co. r Box 935, Coronado, CA 92 HO 

WANTED: Hllllop property near Pollock Pines, CalHor- 
nia WA6COA 4 A|ax Place Berkeley. CA 94 706 

CALL TOLL FREE for an E t deal 000-247 24 7&1 793 
Iowa call 800 362 2371 See ad elsewhere W0E2, Bob 
Smiih E leci ron ics. BP D 3, Fort Dodge. Iowa 50501 

MICROWAVE MODULES TRANSVERIER MMT 432/28S. 
never used, original sealed carlgn $205 CDN oi $250 US 
Hans Peters. VE3CRU [416} 423 9446, Box 6206, Siation 
A. Toronto. Ontario, Canada M5W 1P3 

FERRITE BEADS: Wi r speciticahon and application Sheet ■ 
12/S 100 Assorted PC pots tQ/St.OQ. Miniature mica 
trimmers, 3-4Q pf ■ SttlOO Postpaid includes l.iresi 
catalog Stamp lor catalog alone CPO Surplus, Box 169, 
Braintree. MA 02104 

LICENSED AMATEURS ONLY - ATV builders etc here 
is your chance for brand new video equipment at dealers 
Cost Retiring and closing out with such brands as 
Vicon, RCA and Hitachi Writ* W9HV2. check call book 

ATTENTION: UHF amt Microwave Amateurs, al last a 
single source tor your slate of theart Preamplilier and 
coaxial components. Send tor free catalog Cascade 
Microwave Labs RE 1 Box 25. Jellergon. OR 97352 

PC BOARDS Deluxe Memory Keyer, April HR Glass, 
plated doited $1995 RTC Electronics, Box 2514. Lin 
coin, Nebraska 66502 


WANTED: Yaesu FT 620B with manuals Contact Charlie 
Perry WD5DEI. 1401 $1 John3 Dr #1 El Paso, TX 79903 
(915156^8174 

URM 25F SIGNAL GENERATOR $200: Tektronix 2l2dual 
trace mini scope, mini condition $650 HP 97 Calculator, 
like new, 1550. Hoathkif SB 301 receiver AIWSSB/GW 
tillers, $T75, SB 310 hamiew recivar AM'SSB fillers, 
$150, both receivers in excellent condition Gone K7GK 
11145 N W Rammont, Portland. OR 97229 (503i 644-6 T56 

RTTY AFSK Modulator PC board See Feb 79 Ham 
Radio Drilled $5 00 F E Hinkle. 12412 Mossy Bark, 
Austin. TX 78750 

EZ deals are the best 1 Try me and see lor Yaesu. Drake, 
KLM, Swan, Cushcratt, DenTron, VHF Eng., ICOM, CDE, 
Hustler. Wilson and more Call, see or write W0E2, Bob 
Smith Electronics. RFO 3, Hwy 169 8 7, Fort Dodge. IA 
50501 (515)576 3886 

CENTURY 21 DIGITAL $330. 10AVT $04; Omni □ $746 — 
AH new Supma, 525 Ridge, Slate College. PA 16801 

EPO?(Y CIRCUIT BOARD $3 00 square loot Fifty cents 
tor price list relunded first order Hmchey Enterprises. 
P O Box 2486 Stockton, CA 95201 

MINT SB200 hardly used 8O10M Dust cover $425 
ppd F E Hinkle, K5PA, 12412 Mossy Bark. Austin TX 
70750 

WANTED: Moloiola KXN 1024 and KXN 1052 channel 
elements WA6COA, 4 Ajax Place. Berkeley, CA 94708 

30AMP POWER SUPPLY. l3.aVDCll1$ VAC input} Five 
year (imiled warranty Hammertonn metal case $124 95 
Alt ratings continuous duty Other models 20 amp. 
$99 95. 16 amp, $79 95; 10 amp, $69 95 8 amp, $59 95. 6 
amp, $44 95 Add shipping. COD accepted S.A.S E. for 
info JRS Electronics. iWABOGS}. P.Q Box 1B93-A. Cin- 
cmnatl, Ohm 45201 

STOP LOOKING lor a good deal on amateur radio equip' 
ment — you've lound n here — at your amateur radio 
headquarters in the heart of Ihe Midwest Now more 
than ever, where you buy is as important as what you 
Duy 1 We are I act ary au I Karl zed dealers tor Kenwood. 
Drake. Yaesu, Collins, Wilson. Ten Toe, Allas ICOM, 
DenTron. MFJ. Tempo. Regency. Hy Gain, Mosrey, 
Alpha. CushCralt. Swan, arid many more Write or call us 
today for our low quote and iry our personal and Inendly 
Hon si or service HOOSlEfi ELECTRONICS. PQ. Box 
2001, Terre Haute. Indiana 47002 (812*236 1456 

DESK TOP CONSOLES, ultimate operating convenience 
Free brochure Thompson Electronics, PO Box 363, 
wesitieid. in 46074 


Ham Gear 

Collms 5 U4. general coverage receiver $495 

Collins 516 F2 power supply, new. in box $275 

Collins KWM2A transceiver exc rnd $1375 

Collms 75A4 ham receiver vy good $425 

Collms 312B4, Sla Cntl rd cxc $250 

Collins 31205, Vlo Console eic $525 

Collins 75S3C rnd, exc $1250 

Collins 1 80S 1. antenna tuner $250 

Collins 30L1, vy gd $595 

Collms 5I6F2 power supply S1B5 

Collins R-390A revrs. overhauled bkc cond 

call tor quote 

Collms 51 Si. 2-30 MHz revr Special 

Hammaflund SP-6D0JX revr $395 

Collins CP-1 Crystal Pack $215 

Ratal 6217£> 5-30 MHz receiver $1350 

Collins 3253 ham Eransmiller. vy gd $650 

Johnson 2kw Matchhox w/swr meler $195 

Test Gear 

Harrison 0 20 volt/1 5 amp lab pwr supplies. 

each $39 50 

HP-302A wave analy/er $375 

Boontpn Radio 225A sig gen . 10-500 MHz $495 
HP-200 CD wide-range oscilloscope $150 

Measurements Model 60, 2‘40D MHz $295 

Measurements Model 65B signal gentraior $295 
HP-202H 54-216 MHi AM/FM sig gen $695 

HP-60SD 10-420 mt sig gen $550 

Tek 545 30 MH; scope $395 

Tek S31A scope, exc $350 


lek 651 digital lesier new w/access call tor quote 

We stock Amateur and IProfesslonal 
equipment from manufacturers such 
as Collins, Hewlett-Packard, etc. 

All equipment sold checked 
and realigned 
Write for free catalog. 


201*998-4256 
10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 



Ummt'H Scanmr 


BRINGS 
YOU THE 
NEWS 
WHILE ITS 
HAPPENING 


10 channels covering 
all 5 bands. AC/0C operation. 

SAVE *40 

IIST- S 129.95 


*89 95 


1,000's OF CRYSTALS 


•H25C Case Scanner Monitor 
•10.7 Amateur Ham 
•2 Meter, CB, Standard 


1 to s 

*3.70 


10 to 49 


SO and UP 

*2.50 


CRYSTAL BANKING SERVICE 
P.O.BOX 683 

LYNNFIEL0, MASS. 01940 
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WC/5P 


OFF TONF 


QphwuH Touch Tone''* Pad avsiLsWi' 


Conveniently located on top 
of the radio are the controls 
for volume, squelch, access¬ 
ory speaker mike connec¬ 
tor, 6 channel switch, 

BNC antenna connector I 
and LED battery 
condition 

indicator* 1 


To obtain compete specifications 
on the Mark JV, along with Wilson's 
other fine products, see your local dealer 
or write for our Free Amateur Buyer's Guide. 


Illustrated is Wilson's 8C-2 Desk Top Battery Charger 
shown charging the Mark Series Unit 
or the BO A Battery Pack only* 


Consumer Products Division 

Wilson 

Electronics Corp. 




4288 South Polarii Avenue • P. 0. Box 19000 • Las Vegas, Nevada 89119 


Pmc#i »nd ipKilKiltom lutuvcl to wiihoot riOKC* 


■ ■ 































IC Keyer 


The World’s Greatest 
Sending Device 



Adjustable to 
Any Desired Speed 

Now available from PaJomar Engineers 
— | he new Electronic 1C KEY Eft. 
Highly prized by professional operators 
because it IS EASIER, QUICKER, end 
MOftE ACCURATE, 

It transmits wllh amazing ease CLEAR* 
CLEAN-CUT signals at any desired 
speed Saves Ihe arm. Prevents cramp, 
and enables anyone to send with the 
skill of an expert. 

^ SPECIAL ^ 
^ RADIO MODEL ^ 


Equipped with large specially con¬ 
structed contact points. Keys any 
amateur transmitter with ease Sends 
Manual, Semi-Automatic, Fully Auto¬ 
matic, Dot Memory, Dash Memory, 
Souewe, end lambic — MORE FEA¬ 
TURES than any other keyer Has built- 
in s Id el one, speaker, speed and volume 
controls, BATTERY ORERATEO, heavy 
shielded die-cast metal case Fully 
ADJUSTABLE CONTACT SPACING 
AND PADDLE TENSION. The perfect 
paddle touch will AMAZE you. 

Every amaleur and licensed operator 
should know how to send with the 1C 
KEYER* EASY TO LEAflN, Sen! any¬ 
where on receipt of pride. Free bro¬ 
chure sent on request. 

Send check or money order 1C KEY Eft 
$97,50 in U S and Canada Add S3 00 
shipping/handling Add sales tax in 
California 

Fully guaranleed by the world's oldest 
manufacturer of electronic keys 


ORDER YOURS NOW! 


Palomar 

Engineers 

Box 455, Escondido, CA. 92025 
Phone: [714] 747-3343 


WANTED: GE MA5TR EfMlC receiver, ET-58 uan&mit 
ter. Fred FindFmg, P C Bo* 125. Littleton, N h 03561 


RTTY “ Bandpass active tutor 2T25T7296 Hz Kit *11 95, 
WT 316.95 ppd SA$E tor into Nat Stinneite Electronics, 
Tavares. FL 32778. 

REPEATERS Factory BuiH VHF Engineering, 4 uhl, 1 
with P L. Two in unopened boxes. 1 220 MHz. 2K Takes 
all WA6COA. 4 Ajax Berkeley, C A 94708 

THE MEASUREMENT SHOP has u set* reconditioned 
lest equipment at sensible prices; catalog 2 West 22nd 
SI , Ballimore. MD 21218 


WANTED — Instructor Ham Radio. N.Y.S* Co-ed 
Children's Sloop Away Gamp Wrrte, Camp Kinder Ring, 
45 East 33rd Streei, New York, N Y 10C16 

Manuals lor most ham gear 1937/1970 Send 25* for 
’Manual Catalog Hi. Ino , 8o* H864. Council Blulfs, 
Iowa 51502 


100 PLUS BB403 NIC AD BATTERIES unused, individ 
packed with vent cap 4 Amp hr 1.2V per cell requires 
electrolyte Also 126 New SO 239 Corm Will sell either 
separate or in nuan Open io olfers. E L Peirtck, P O 
Box 1255, Oak Lawn, IL 50454 

PORTA PAK Make your FM mobile a self-con lamed 
portable Models In stock lor most popular makes 4 5 
amp hr model 367 50 9 amp hr 38M 00 Charger included, 
shipping extra P.O Bon 67, Somers, Wl 53171 


WANTED — Radio iranSCrtphon discs Any size or 
speed Larry, W7FI2 Box 724, Redmond, Washing ion 
96052 

TEST EQUIPMENT CATALOG Hsling used Tekironix HP 
and GH equipment al bargain prices. PTE, Box 6699. 
While Bear Laku, MN 55110 Price Si 00 relundable wilb 
first order. 


Coming Events 


MASSACHUSETTS: NdBARC Hamlest July 21, 22 al 
Cummlngicn Fairgrounds Tech lalks, demon si rat ions 
and dealers Flea market 31 00. advance regislrahon 
33 00 Single, with spouse 35 00 to Tom Hamlllon, 
WA1VPX, 206 California Avenue. Pittsfield. Massachus 
ads 01201 or $4 (Xjjfcfi 00 ai gam Mobile talfc-ln 
Oh 1*6 3t^9t Gates open al 5:00 PM on Friday lor free 
camping 

ARKANSAS: The Central Arkansas Radio Emergency 
Net's Second Annual Ham-A Rama. August 4 and 5 r 
Arkansas Slate Fairgrounds, Little Rock Talk-in on 
146 34194 Corn act; Morris Middleton, AD5M. 19 
Elmhersl Dr., Lillie Rock. AK 7220915011 568 0938 


CONNECTICUT: The CO Radio Club of Torrington s Flea 
Market and Hamfest on June 17. 9 AM to 5 PM. Tarring 
ion Fish and Game Association Grounds. Weed RtL, jusl 
of I Route 4, between Torrmgton and Goshen Refresh¬ 
ments available door prizes, parking and table space 
Children's activities Admission: 31 00 per person 
Includes vehicle, spouses and children free Task In on 
52 direct and 147 64 TR 147 24 Rec Call KlBCI fordirec 
tions For details Ed Josefow. WUSU, (203| 482 1837 

OHIO: Official ARRL 5th Annual Hall ot Fame Hamfesi 
Sunday, July 15, Siark County Fairgrounds, Canton, 
Oh i o. Modi I e Ch ec k ■ i n on 19-79 and 52-52. $2.50 Advanced. 
33.00 at gate Contact WA8SHP 10877 Hazel view Ave 
Alliance. Oh 44601 

OHIO: Sandusky Valley Radio Club's Ham Test Sunday. 
June 10, Sandusky County Fairgrounds. Fremont. For 
inlo: John Dickey, WttCDH, Sec.. 545 N. Jackson St.. Fre- 
monl.OH 43420 

OHIO: The Tusco Radio Club and the Canton Amateur 
Radio Club presen I the 51 h annual Hall Of Fame ARRL 
Hamfesl. Sunday, July >5. Siark Counly Fairgrounds, 
Canton. For info; Hall of Fame Hamlest, 10877 
Hazelmew Ave., Alliance OH 44801 


PENNSYLVANIA: Mlllon ARC Hamfesi, June 3. 1979 al 
the A Hen wood Firemen s Fairgrounds. US Route 15, 
four miles north of Interstate 80 Doors open 8 AM 32 50 
advanced. 33 gate, children and spouses FREE. Flea 
market, auction contests, portable 1 mobile FM clinic, 
prizes, food & beverages Talk in on 146 371.97 1 46 34/ 94 
repeaters and *46 5? simplex. Details from Kenneth 
Hermg. WA3UU, RD,#1, Box 381, Allenwood. Penn 
aylvania 17810; T olephone (717) 538-9168 


PENNSYLVANIA: The Tri-Club Hamfest {W30K. 
WA3GYE and W30I) July 15. B AM to 4 PM. Allentown 
Police Academy pistol range, Lehigh Parkway South. 
A Fl an I own. Admission $2 00 lookers; 34 00 nailers Talk- 
in on 34/ 94 and 52 





MODEL da3T TH fl U LI ME * 

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 
SIGNAL SAMPLER - BUILT IN 

IN STOCK FOR PROMPT DELIVERY 

AUTHORIZED DISTRIBUTOR 

IVIfebderl 

associates 

115 BELLARMINE 
ROCHESTER, Ml 48G63 

CALL TOLL FREE 

800 - 521-2333 

IN MICHIGAN 313 - 375-0420 


! 40 Ft 
Crank-LJ 
Ham Model T-M0 


ALUMA 

TOWERS 


I 

60 Ft 

Harr. Crank-Op 
Monel T-60-H 


HIGHEST QUALITY 

MADE IN ALUMINUM 

★ TELESCOPING 

(CRANK UP} 

★ GUYED 

★ TILT OVER MODELS 

QUALITY MADE 


av.ee 




HAM 

COMMUNICATIONS 

MANY MODELS MFG. 

Towers to 100 feet. Specials 
designed & made See dealer 
or send lor free catalog. 


ALUMA TOWER CO* 

BOX 2806HR 

VERO BEACH FLA 32960 
PHONE (305) 567-3423 
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FREQUENCY COUNTER KIT 

Outstanding Performance 

$ 

Incredible Price 


CT-50 


89 


lsmKni *IWI« ** s 


The CT-5Q is a versatile and precivon frequency counter which will measure 
frequencies to 60 m Hi and up 10 600 mHr with lhe CT-600 option Large Scale 
integration CMOS circuitry and solid state display technology have enabled this counter to 
match performance found in units selling for over three («mes as much Low power 
consumption itypica'iy 300-400 mai makes me CT-SD idea' for portable battery operation 
Features of Ihe CT-50 include large 8 digit LED display RF shielded ait meld' case easy 
pushbutton operation automatic decimal point fully socketed iC chips and input protection 
to 50 volts To insure against accidental burnout or overload And me pest feature of all is me 
easy assembly Clear step by step instructions guide you to a finished unit you can rely on 
Order your today 1 

CT 50 60 ttiHj counter hit SIS 95 L-0 i Coio + Tv cmibraior-ataiJitiier 

C TftDW T bp rnH; caumer wired and tested 159 95 DP i DC probe geoer.il purpose probe 

CT-60D 600 mMy sca'fr opl’Qn arid 2ft 95 HPi High impedihce probe non-ioadm 


SPECIFICATIONS: 

rn>Hu*" , ■:I-'■’)(* r -rtf 1| r. J j niMf pn'" mM; * in 1 600 
i SJ 1 |f. Ef, Mj i, s <, el y.^i.. i -i; ' %**[ galr* 

Bajdnui ft pig .1 Ga ".gnLED d'^et taadoul m mHj 
■ »tfr- . .1 rj|_,’.rflie- tg 1 t E E m 

SUP % ? 0 upn .-»jh so iu 40 C lempe'jluie 
Compensated 

1'ipjf BSlC ' ftify ►■'■n ^0 [)l qitpfl SC Uf’ 'i i a -1 f f T-bCK 
ftOVAf -fl^jir All (V-Odfl-i 
Hhl»Vl'vl> r-vn rl ‘-ir ?ft m v tp Wi mN/ Si ■ 1 V rr . ir fiijf 
iriH,? 

P- *►*' I’- vAC 1 kV<lTI&Of "1 J •, PC JMrn.s 
Sue t i J * ? r.^r auii.i, ,iiuT..n u rr 7 OS 

'CS 1 3 un-ill Ai'*uc*et«l 


si a fts 
12 9ft 
is 55 


CAR S 

CLOCK 1 

The UN-KIT. only I N . 

5 solder connections ® 

Here s 3 super looking tugged and accurate auto 
dock which ‘S ,i snap to build and install Clock 
movement is completely assembled-you only snider 
3 wues and 2 switches lakes about 16 minutes 1 
Display is bright gr*«n with autom.iiir Unghiness 
control photocell-assures you ot a highly readable 
display day or n^nt Corner in a sehn finish an 
odued Aluminum case which can be attached ft 
d i tier erg ways using 2 vded tape Choice of s-iver 
black or gold case ispeedy! 

OC3 Kd T? hour formal $22 9ft 

OC 3 wired and tested $29 9ft 

l H)V AC adapter $5,9$ 


OP-AMP SPECIAL 


7 4 i FTiim dip 

ei fct mini dip r T 4i type 


1?■$2 DO 
10 SJ uu 




Under dash 
car clock 

17 24 hour clot k m a beau 
EhIljl pustic case features 6 

UrmpoRfD LEDS hrgh accuse < ■ 1 min mn i easy t 
wire hookup display blanks with igniiipri and super 
maleuclions Oplional dimmer automatically ad|usis 
display to am brent light level 
DC 11 clock with mig brackei $27 ftft 

DM 1 dimmer adapter 2.50 


VIDEO TERMINAL 

A completely seif-con lamed, fiend alone video ter¬ 
minal Cerd Requires only an ASCII Keyboard and TV 
sei to become a complete terminal unit Two units 
available, common ieaEures are Single 5V supply. 
KTAL controlled aync and baud rates tio 9600). 
complete computer and Keyboard control of cursor 
Parity error control and display Accepts and gener¬ 
ates serial ASCII plus parallel Keyboard input The 
32i6 is 32 chai by 16 lines. 2 pages with memory 
dump feature The 6416 is 64 char by 16 lines, with 
scrolling- upper and lower case (opt run all and has 
RS-232 and 20ma loop interlaces on board Kits 
include sockets and complete document all on 
RE 32t6. terminal card $1*9.95 

RE 6416. Terminal card i ftft 95 

Lower Case option 64 Tfi only 13.95 

Power Supply Kd i*-9ft 

Video RF Module lor, VD-i 6 95 

Assembled tested units, add 60.00 


FM MINI MIKE KIT 

A super high performance fu 
wireless mike kir Transoms 4 siaiife 
SUijnAl up in 300 with excep 

rmnai audio quality by means of its 
built m electrel mike Kil includes 
case mike on otl sw-ten antenna 
tj ril let y an d lj per i n sti uc tio ns Inis, 
is the fmesl uni I available 
FM-3 Kil $17 95 

* M 3 wired and tesled tfi 9ft 





CLOCK KITS 

our Best Seller 
your Besi Deal 


CALENDAR ALARM CLOCK 

The clock that s got it an &- $" LEDs t? 24 hour 
vfooiv ?■* hum aiaim 4 yt-.ir calendar battery 
backup and lots more Tht* super 70Qi chip used 
Sr/e ftnJii? inches 

Complele h.| less case mol available) 

OC 9 $3* 95 


Try your hand at building tinr Tmest looking 
clock on the market Ms satm finish anodued 
aluminum case looks great anywhere while yi *" 
LED dkjiis provide a highly readable display Th.a s a 
complele kil no extras needed and il only takes 1 2 
hours to assemble Your choice of case color ft 
silver gold bronze black blue ispeciy) 

Clock M T? 24 hour DC-5 $27.95 

I lor K With I Omul ID timer t2 24 hoi pi 
DC-10 3T.9S 

Alarm clock 12 hour only OC-8 24 95 

12V DC car clock X f 27 95 

For wired and tested docks add $10 00 to kit price 


PRESCALER I / T“v I 

Extend (he range ot youi , L. 

counler to 600 mH/ Works 

w« 1 h any counhrr includes 2 

transistor pro -amp to gw* supe* sens typically 20 

mvai 150 mHr Specify - to or e 100 ratio 

PS 1R 600 mtt/piescaler $69 95 

PS IRK 600 mHf oreacalDi -il 49.95 


30 Watt 2 mtr PWR AMP 

Simple Class C power amp features 8 times power 
gam i w mfor 8 out 2 in lor 15 out 4 W in lor 30 uul 
Ma x output of 3ft W incredible watue complete with 
an p4ifs ih&j. case and T M relay 
PA. t, 30Wp*r amp hit $22 9ft 

TR t RF sensed T P relay ku $.95 


Ramsey's famous MINI-KITS 



Hard to find PARTS 



LINEAR ICi 



REGULATORS 



Mf 


1 35 

78VG 


i' 2ft 

324 


i 50 

?23 


50 

3B0 


t 25 

30ft* 


85 

380-8 


75 

780ft 


ftft 

55ft 


45 

'0H-O5 


2ft 

ftft6 


85 

•905 


l 25 

566 


i 15 

7812 


8ft 

567 


i 25 

?ftT2 


i 25 

1446 


50 

781ft 


95 

3900 


50 

TTL ICi 



CMOS tet 



74*00 


3ft 

401 1 


20 

744 ’ 


65 

400 


35 

7d?ft 


50 

4046 


i 85 

7490 


50 

4049 


40 

74194TI 


i 35 

4ftia 


i 75 

Special tCi 



i3i,9 


1 75 

I’CftO 


i3 50 

TRANSISTORS 



10116 


i 2ft 

2N1904 | ¥ tie 

*0 

♦ 00 

4£? 1 


2 00 

2N3ft0fti>pe 

10 

1 00 

53M 


2 ftft 

30A R*' 

3 

t 00 

5 3 • k A B 


2 ftft 

P\F 30W Per 

3 

1 00 

7001 


6 50 



60 

40ftB N 


*00 

. T .-iWFi-li '.[-1 

3 

7 00 

720fi 

17 ftft 

f£i MPFt02l t pe 

3 

200 

LED* 



. Hr ?N.ftl J y l -, i_'t L 

3 

200 


8 

1 00 

VR» ,08 RF 


ii ftft 

JumDO gre^n 

6 

1 oo 

SOCKETS 



JjfTIDtJ »e»LD.V 

6 

1 00 

S P-n 

id 7tra 

Mm. red 

s 

1 on 

14 ptn 

10 

2 00 

V cro red 

8 

1 00 

16 psn 

10 

700 

B.Po.ijr 


7ft 

!* p n 

4 

200 

FERRITE BEADS 



20 pm 

4 

200 

Wihsnip ipect 

15 

1 00 

jq p.h 

3 

200 

n riQ.^ D*iLjn 

5 

t 00 


rsmssti alasirEfiiss 

80X 4072 t ROCHESTER, N.Y. 14810 


PHONE ORDERS CALL 
(716) 271-6487 



TERMS: Sat’jlachon guaranteed or mone> 
'ftvriCAti COO ^ftcrft'^r v nim.>m ordei 
56 ul 11 Orders under $iQ Op t njh S auo 
ft “or postage insurance handling Ovn- 
^ea& add *ft . Nv add ’ - la> 


More Details? CHECK - OFF Page 110 


June 1979 


97 






















































TOROID CORES 



COHE 

SI7E 


t 7M 

tao 

- 

T roc 

_ 

135 

t eo 


TGI 

97 

t so 

51 

T 25 

34 


nr 


F 340 
f-125 

F SO 

pj; 

F 23 



Chart shows uH per TOO turns, 

FERRITE BEADS: 



$2.00 DOZEN 

WIDE BAND CHOKES 


954 EACH 


TO ORDER: Specify both core size 
and mix for loruids. Packing and 
shipping 50 cents per order USA and 
Canada. Cahformans add 6% sales 
tax. 

Fast service. Free brochure and 
winding chart on request. 




BOX 455, ESCONDIDO, CA 92025 
Phone: 1714) 747-3343 



JLLJNO/S: Trte Quad County Radio Clubs 22nd Annual 
Breakfast Club Picnic and Hamlesi, Saturday and Sun 
day. July 14 and 15, Terry Park, Palmyra Entertainment, 
discussions meetings Open air Ilea market Prize draw 
mg 3:00 PM Sunday For info Quad County Radio Club. 
P O Bo*0T Cfufham, JL 62629 

INDIANA. Han,lust. Sunday. July 0, Marion County 
Fairgrounds. Indianapolis east side. miors*c1ion ol t-74 
and Mflt Commercial exhi&llor area, mdoorfouldoor 
fJea market Addition indoor fartUfiei Tech I drums, 
ladies activities, relreshmentr., available Overnight 
parking and hookup Tor RV's on grounds Talk m on 
16 76.28 BS. 10-70 Additional into: Indianapolis Manifest 
Association, Box 1002, Indianapolis, IN 46206 

MARYLAND: The Frederick Amateur Radio Club's Sec 
oud Annual Central Maryland Ham lest, Juno 17, 
Frederick Fairgrounds. Frederick For info F rede nek 
Amateur Radio Club, Inc , Bov 1260, Frederick MD 
21701 

MICHIGAN: Chelsea Swap n Shop, Sunday. June 3, 1979 
a I the Chelsea Fairgrounds Gates npen to sellers, $ AM, 
lo public, between 8 AM and 3 PM Admission Si 50 
advance $2 at gate, children under 12 and non ham 
Spouses admitted free Proceeds to benehi Dexter High 
School Radio Club and Chelsea Communications Club 
Tfllk-lnoo 140 37- 97 

31 ST ANNUAL U P HAMFEST will be held on July 28 & 
29, 1979 Add your name lo out mailing flat. Send 0SL Ed 
Sawyer Radio A ns . P O Box 73, Gwlnn, Ml 49043 

MISSOURI: Indian Foothills ARC Hamlest, July 22. 
1979. Saline County Fairgrounds, Marshall. Missouri 
Gates open 8 AM Tickets 12 each or 3 tor *5. advance, 
$2 50 each, at dooi Flea Market tno charge for tables), 
Phjas. displays, campground (no uHiides), food, and 
at. I miles lor Ihi enure family Talk in on 148 52 simplex, 
146.20J 08 and 147.84*24 -repealers Information and 
irekefs from Norman Gibbins. WB0SC), 692 North Ted. 
Marshall, Missouri 65340 

MONTANA: Tne international Glacier-Water ton 
Hamtest. July Jt and 22, Three Forks Campground, 10 
miles east of Essex on U.$ Highway 2 Registration 9 
AM Talk-in on 52 and 34/94 For info Glacier Wair-rton 
Hamfest. P O Box 2225. Missoula, MT 59S06 

NEW JERSEY: Shore Points Amateur Radio Club's 2nd 
Annual Hamlfsi and Electronic Flea Market, Sunday. 
June 10, 8 AM lo 4 PM, rain nr shine, Stockton Stale Col¬ 
lege Campus, Pomona Just 12 mites west of Atlantic 
Cuy Boardwalk and Casinos Registration 12.00 per per¬ 
son, under 12 tree Tailgating $2 00 per car space, Irv 
doors. $5.00 per space for info. Monte Tramont, 
WB2EYF. PO Box 142, Absecon, NJ 08201 1609) 
285F267B 

NORTH CAROLINA: Thu CARY Amateur Radio Club's 
Seventh Annual Mid Summer Swapfesl, Saturday, July 
2f. Lion's Club Shelter Cary Buy, self, hade electronic 
equipment Ng commission 9 AM 3 PM Talk-in on 
146.26/ 60. 147 57/ 25, 1*6.52/ 52 For info. CARY ARC. 
P O Box 53. Cary, N C 2?5i1 

OHIO: The Northern Ohio Amateur Radio Society's Sec 
□ nd Annual NOARSFEST. Saturday, July 7, Lorain 
County Fairgrounds, Rt 10, Wellington Over 100 prizes 
Including new DenTron HF 200 Xcvr, Ten-Tec 509. Den 
Iron GLA 1000, Wilson Mark II and more Indoor hall for 
dealers {$4,00 Adv) flea market space SI (X) each Gales 
open For sellerrurleater s 6:00 AM Public 7 00 AM to 5:00 
PM Admission $1 50 advance. $2.00 gate Under 12 Iree 
Prize drawing tickets $i 00. Free camping oulside gates 
Friday night — no hookups Advance registration, 
tithes s. info NOARSFEST. PO Box 364 Lorain, OH 
44052 

OHIO: Second Annual Salem Area Mamfest, 9 am 3 pm 
Sunday, August 5 Kern Slate Salem campus, Salem 
Advance tickets, $1 50, $2.00 at dour Inside tables, 
15.00 space for yours. 12 00 Flea Market space. If 00 
Air conditioning, wheelchair ramp, tree parking, 
refreshment?,, prims Grand prlje: Atlas RX 110, IX 110, 
PS-110 Check m 146 52 simplex. Details Harry Milhoan, 
WA8FBS. 1126 West Stale. Salem. OH 44460 

RADIO EXPO '79 September 15 and 16, Lake County 
Fairgrounds. Rouies 120 and 45, Grays Lake Illinois 
Manufacturers displays, flea market, seminars, ladies' 
programs Advance tickets $2 00 Write EXPO, PO Bov 
305, Maywood fL 80153 Exhibitors inquiries: EXPO 
Holt me (312) 345-325 

WISCONSIN; The South Milwaukee Amateur Radio 
Club s annual SWAPFEST 79. Saturday July 14. Ameri¬ 
can Legion Post *434, 9327 S Shepard Avenue, Oak 
Creek. 7-00 Am to 6 00 PM Admission 12 .00 includes 
happy hour with tree beverages $i00 firs) prise. $50 sec¬ 
ond prize and others. Parking, picnicking, overnile camp¬ 
ing Talk in on 146 94 Mhi FM For details including 
map Sou lb Milwaukee Amateur Radio Club. Robert 
Kamel ic, WB9TEK. Sec P.Q Box 102 r South Milwaukee. 
W1 53172 



ALL YOU NEED IN ONE BOX 


in iuii4inR/»<' 


Show lh* stuiL homr OMinr., nvrtpulrr *!l 

l onrwi le the ant- lenhinah of any TV add * pood 
410 ml mm, a. camera, and you are inerr ... 

■ 111 Watts peak Hf output k >t M ' 1 ify 4 i4 Our 4 M ,’S MH/ 

■ Spbcjmev vniind wim pleniv oi *nu |^im iur distance 
pirk up. 

■ H MH/ iMiwfwKfih hifth retoluhon hefc^r* liir uvn 
puh-r ,il|>hjUUriieii<.% and i uNn 

■ Tum-ji>ti convener cows 4^d to ASy. LCcivm CM 2, h 

* LoftLnny A( lu TJVfK n’-^ufah-ri' I AMF power yuppfy 

* Only 1199 IK> dim I mail t h« k, Mimry Order, VISA 
Send S S YF Inf ■ rlUllrv .* A TV Mcxllili-s .mil IY ilc Miffs 


HITACHI HV-82U TV C AMflA $219 ppd. 

* Belief than 50H tine resolution T w,if(\ fir i f 7VAC 
■ ^mali 4xJ$yKH6 itk ho < jo run un iJvtk J 10nu 
- TO,000 I dulorruUK li^Ki rompensaiirin Lem included 
Spnd SASf IfK r Aiding oi AlV ^rw) UHl ^rxiuit^ VISA nr 
MC wden - ill {j 1 jl 447 45fc5 



4CX150 4CX1000 4 65 4-250 

40X250 4CXI500 4 125A 4-400 

4CX300A 4CX3000 4-1000 

4CX350A 4CX5000 304TL 

40X10,000 Call Ted — 

50X1500 W^KlfW 

Other tubev and Klystrons also wanted. 


10 Schuyler Avenue 
( 201 ) 908 *246 


No. Arlington. N. J. 07032 
Even inga (201) 998 64 75 



GRO TH- Type 


« 99.99 Turns 
• One Hole ^V\T 
Panel Mount 

W • Handy Logging Area 
• Spinner Handle A vail able 
Ctno: 2x4”; shaft V + x3" 

■ Modal TC2; Skirt 2-1 /8‘ 

ES SIS Knob 1-5/8 

$8,00 Model TC3: Skin 3 -P ; 

A HL M Knob 2 3/8 
















CALL TOLL FREE 




Hy-Gain 3806 

2-Meter Hand-Held Amateur Transceiver 

SPECIALLY PRICEDonly $ 119. 95 



* Lo* co*i. 6-channel h end-held provide* tup+rb 
voice iTinimimon over thorl to medium, diittncev 

* Sharply tuned on Frequency iclecNvIty In Iht RF 
Amplifier ttegtf plut FET e in ihe in end 2nd mixer* 
far virtual Immunity 1o oul-of-bend eignel* 
mtermodijiaiion dm onion end cro**- modulation 

* Separata microphone and epeeker element! for 
enhanced audio 

Acceaaoriei; Model No. 

3 flQ 7 

11Q4 

i [ 1106 

1107 

MOB ~ 
it to 

ntt _ 

26y 


* Internally idjuiiabli mle preamp—a My-Gain 
tiduilvt 

* Specially geikertd cite teeii out waltr, dirt add 
corrosive ult air 

* Wilertlghi, htgh-impacf ASS plea lie tew-ribbed 
tor non -ilip grip 

* Top mounted control* for In*t*nI ecccti 


Oaicriphon 

V Hi H .f!!*-' - r K|: h __ 

Touch Tone Pad _ 

AC R mn tf i 'ri.ti ii'i __ 

C'tj.irciip l igntor Adaploi Cord 
A r>to nr>a Adaptor CnnJ _ 

C 1 1 itjinij 1 , JM . 1 _ 

^^trymrij C, 1 V iV.nyl| _ 

Rubber Puck Anturma _ 

C i, 5-1 dii CerMjcaiev 


Price 

l v; 

S4J 

S u w 

S 9RS 
It? as 
t 9 9S 
S j .t 
S' i9*i 


PLCAtl iNCLOlt tl la r on SHIPPING, JUMP HANOI INC PER UNIT 


cm TOLL FREE 




for Quality Ham Radio Products at Discount Prices 


YAESU 

DENTRON 

TAYLOR 

KENWOOD 

HY GAIN 

SWAN 

DRAKE 

MOSLEY 

TEMPO 

ICOM 

CUSHCRAFT 

TEN TEC 

STANDARD 

WILSON 

MIDLAND 

EDGECOM 

HUSTLER 

CDE 

KDK 

LARSEN 

AUTEK 

PANASONIC 

BENCHER 

MIRAGE 


ROBOT 

AEA 


E.T.O, ALPHA 

VHF ENGINEERING 

BERK TEK CABLE 

CONSOLIDATED TOWER 

SAY 

SHURE 

TELEX 

ROBOT SSTV 

BENCHER 


Our Mail Order Hours (CST) 

M F 

8 am to 12 Midnight 

Saturday 

8 am to 6 pm 

Sunday 

12 Noon to 8 am 


... =J 


Call anti 

Talk To 


Don WB0YEZ 

Ken 

WD0EMR 

Denny W0QR 

Eli 

KA0CEJ 

Bill WB0YHJ 

John 

WB0MTS 

Joe WA0WRI 

Blaine 

WB0QLH 

Jim KA0CRK 

Boh 

WB0RQZ 



Bankamerigaro 


Communications Center 

443 N. 48th, Lincoln, Nebraska 68504 tn Nebraska Call <402)466 8402 


masier charge 


More Details? CHECK-OFF Page 110 


june 1979 



































































CONNECTORS 

PNC M/UHF-r 
grj-255U S3*00 

PNC fyukf-h 
UC- 2 73U S2-5tl 

HNC r MK>r 
(k;- 914 u $2 . on 






UH V F/tlKF-K 
PL-258 SUSO 

911 $1,75 


frll* F 

■UC- U 


J- 


¥ 


2N5SB9 

CASE MT-"?;' 
$7,95 


n 

' T 


2HS590 

CA0t TO-117 
$4.9$ 


I * LED 

Lj jumbos 


;|R f l . [)! 
FQH 17.05 


i ‘N 1 M/UHF-K 
yl UG-MFU 54. T 5 



1 M f p/UHF-M 
UG-8JBt: $4,7 5 

RGH Adapt*: r 
UG-m $ .25 
I PNC H -(.ABLE 
Ut. BH 13.J5 

PNC F-PANCL 
VXt- 109*11,00 

" N « CABLE 
J(, JIU 1^.95 

“ n" r panEl 

ug in »2.?5 


■i/ 

so-ai*) 6 5< 

FL^259 65C 

lU'SO.OQ MIX i, MATH 


Computer Grade 
tMlkici tors 

LO.OOOuf 5flv $7*45 
23 f 200u( SOU 3. so 
10O»OQOuf LOv I.7S 

5 V. DIP RELAY 


SP ST 

n,c. 

$1.50 




He a t ShRiNk 

ass't sizes 
8’.....95* 



USED FANS 
10O CFM 

I ISVAf 

A ■ 5 11 so . 5 "" 
fr y* NAN i m 

. 95_ 


MTLOPf CA«lJ rm 

SF 


A ] NCM 
b INCH 


50.,>li,OD 
SO ( , 4 1.75 



»■ 

.hi 


Vh]i 

toggle! switch 

PC MOUNT OH FAN EL, 
HI HI SE' Dt SWITCH 



1N4O07 10c 



Touch-To mj Houhing 
8 LACK only * * * ,t> .fio 



25A 
200 PIV 
$1.75 



YT V " 

\v ?- 


coax relay I.idhm swatt 

a vdc sa o t || RESISTORS 

100 HA1T5 »F. g, FDR 11.00 

* HC* CONNECTORS* l I __ 

S02T9, PLUS SP ST, 20A 50 OHM 200 WATT/ 


CONTACT. ALL IN AN pH 
CLOSED mU Uii I nl . 

L,ST ** 9 ^ a;> DUflS 16.3S 



NfCAD PACK 'NEW 
1.0 * C ‘ CELLS* 

RATED ■* T 1 2 VD C .1,2 AM, 
AT 10 NR. 


RATE * 


1 . .50 E A , 


f 


HIGH 

VOLTAGE 

SUPPLY 


/ fiJ 



?0K V 


1 to AATTS 
t'i. VS 


MJ3000 S2.25j 


-A 1 

y \rr 

* * J /y? 


Y 

A 


v iiii_ 


Vi 




AT 

1 


PURER SUPPLY MODULE 
ftATfr. AT 12V i 2-5A. CAN 
Bd. HDDL^ LEO By CHANGING 

the , 7 r nen , 

PARTS 14 -JA DIODES, 1^7.5* 
ru$$ t 1-2200HP ■ 1SV Cap. 
| - | 2 v JEHER, L-PASS TRANS. 

m?H * 1 E A T SINK. * 


»* . 95 


M 

P 

J 

ft' 


Marlin P Jdives g Assoc 

PO BOX 9023 

Riviera Beach. Florida 

33404 

(305) 148-8236 
‘f lu* residents add 41? said* t*ix* 

"MG a visa accentedplease include pxpir- 
ation date and sufnaturrr .ijj on card* 

*Md £1.00 fur order under $ 10,00. 

“Canada t. Foreign orders pi sane add auffi- 
cent postage* 

*“USA ordera please add St postage-_ 



PENNSYLVANIA: Harrisburg RAC Annual Firecracker 
Hamlesi, Wednesday, July 4 SheltavUta VFW Picnic 
grounds, 1 &1 North, Exit #27 or Racetrack Exil 428 
Admission $3 00 Free lailgaiing Tables available in 
pavilion W3UU lalk-lnon &2 &2or local repealers. 

TENNESSEE The Oak Hido« Amaleur Radio OuD will 
hold IheOak Ridge Amateur Radio Convention and Ham 
lest 79 In Oak Rrdgu this year inslead Of CrossviUe The 
dale is July id and 15 at the Oak Ridge Civic Center 
10,000 square feet of air-conditioned area available lor 
commercial and Ilea market exhibits. The FGC will be in 
Oak Ridge Salurday, July 14 lo give exams Exams will 
Start promptly al 8 AM in the High School cafelena 
across ihe street from the Civic Cenler Anyone wanting 
to lake Ihe exam must have Form 610 completed and 
have your present license wdh you Other aciivnies 
planned foi ladies and kids include movies, tour of Oak 
Ridge's world famous American Museum of Science and 
Energy. Of you might warn to take advantage of Ihe 
heated indoor pool or picnic and playgrounds at the 
Ovic Center Gy moving the Oak Ridge Am.itnur Radio 
Convent ton and Ham lest from Cross villa to Oak Ridge, 
the Oak Ridge CEub plans to expand in every way lo 
make for a higher and belief Hamfesi for all The lalk-ln 
station wilt operate on t46 88 Olher frequencies are 
147.72 and 146 82 Local talk in on 146 52 Camping 
facilities complete wilh everything are available lust 20 
minutes from the Civic Center Motels and restaurants 
arc conveniently I oca led also Commercial and flea 
market exhibitors aro urged to make early arrange men is 
lo attend by contacting Charles Gyrge, W&4O0E. P 0 
Box 291, Oak Ridge, TN 37630 A welcome center 
operated by the Chamber of Commerce will be located al 
the Civic Cenior to provide visitors with full information 
on whai to see while in Oak Ridge The week of July 9-16 
will be proclaimed Amateur Radio Week in Oak Ridge by 
the mayor. An Amateur Radio stal Ion will be on exhibit al 
the museum. Museum admission IS free Admission to 
Hamfesl 11.00. 

TEXAS: The TEX-LA Hamtest. July 7 and 8, Red Carpel 
Inn, Beaumont: Motel reservations close June 22 Flea 
market parking $3.00 Prereglstralion S4 00 ft®.00 al 
door). Flea market parking $4 00 at door. Banquet/dance 
Saturday night Lois of FREE refreshments bolh days 
Technical sessions, ladies' programs, displays Ot Ham 
gear 

ISLE OF MAN MILLENIUM DXPEDITION: The Liverpool 
and District Amateur Radio Society are mounting a DX 
pedition to the Isle of Man during the period of Ihe 
Special ' GT" prolix to celebrate 1,000 years of Ihe 
island's Parliament, Tynwald The club's callsign. 
GTSARD/Poriable, will be used during this period (2300 
GMT, 29 June to 2300 GMT. B July, 1979) and operation 
will be on aii HF bands (160-10 meters) and 2Mf70 cm 
Suggested frequencies, plus or minus QRM, are CW 
1.620 835. 3.5Q5, 7 005, 14 080. 21 OfiO. 28 080 SSB 
1 020 835. 3 695(780, 7 092 14 195(275, 21 245(275, 
28 495/550, 144 290. 432 290. Club members operating 
include G3 s XSN. YBH, G4 s AHS, AM*. CVZ. EST. FPB, 
GFR GHS. GHT, GKF, HGT, HSF. G8 9 AVJ, CFM, FHD, 
NNX, NRD Participation in Ihe fi.SG-B VHF national 
held day is intended QSLmg will be IQQ% either via 
bureau to G3AHD or direct (Including the appropriate 
IRC3) to G H Cohen, G4GHS, 41. South Station Road, 
Gainacre, Liverpool Merseyeido L25 3QE. England. 


AUSTRALIA: New Ten Meier Sovereign Hill Award com- 
memoraieb Ihe foundation ol the Sovereign Hill HiSlori- 
cal Park in Ba tiara I, Victoria (VK3K scene Of Ihe great 
gold rush of Ihe 1850s Begins Saturday, May 12. 1979 
with commencement of Sovereign Hill Amateur Radio 
Slalton on Ihe grounds, Contact five of the award 
"Charter' stations on ten meters One of these must be 
a local station, designated by S" following the charter 
number All amateurs winning the award will be given an 
Fi A number which may be passed on to other Amateurs 
anywhere in the world loward their awards Cost 01 the 
award is S2 Lf 5 , or equivalent, which includes airmailing 
to the recipient Frequencies and times: Transmissions 
by the Sovereign Hill station on public holidays and 
selected weekends, a I a frequency of 28 530 MHz plus or 
minus QHM Any contact with this station will count as 
two M S‘ contacts toward the award All other 'S and 
"A” contacts count as one In addition there will be a 
contact every Saturday (U S lal 0000 GMT in conjunction 
with ihe Welcome Slranger Ten-Ten Net, counhng as 
one contact. Other con I ac is may be anywhere in Ihe ten 
meter band. For information write Loo McPherson, 
VK3NIQ. PO Box 247. Ballarat Eflsl 3350, Victoria, 
Australia 

KENTUCKY: The 7 22B MHj evening nel will hold its 
annual gel Together Ihis year at Barren River Lake Stale 
Resorl Park. Lucas, Kentucky, Juno 8, 9, and 10, 1979 
Dinners at 6 PM Friday and Saturday m Ihe reserved ban- 
quel room al the Barren River Lodge Door prizes, draw 
mgs, presentation Of Ihe Elephant Key, trips to historical 
Sites, and luh for Ihe entire family Talk In on 7 228 MHz. 
146.3A.’ 94 (Glasgow repeater) and 147 93/ 33 (Bowling 
Green repeater} Trailers and campers invited More 
information from Jack Tinney, W9JJS. 3404 Soulh Leslie, 
Independence Missouri 64055 
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Please send me addition.]i information 

University Microfilms 
International 

300 North Zeeb Road 
Dept* P R* 

Ann Arbor, Ml 48106 
USA, 

18 Bedford Row 
Depl. P R. 

London, WC1R 4EJ 
England 

Name __ 

Institution___ 

Street___ _ 

City____ 

Slate_^Zlp_ 


“RUBBER DUCKIES” 

FROM 

Q( f C Ctwn»uNfco Hen's 

A MUST FOR 2-METER HAND HELDS 

Model Oetcripuan Price 

GC i h 16 Knurled Stud Pits 
iconi Motorola and many 
olhers . S 6 50 

GC-2 BMC Connector S 9 98 

OC-3 INC Connecinr Iot 

Wilson 14Q5 $13 98 

GC 4 PL 259 Connector $ 6 50 

GC'5 Type r Connector nis 

Wilson 1402 And ft-mpo 5 9 5U 

Equipment m lk]i> .m USA t., i. i m MKRS 

i- Bend to 

f>C G & C COMMUNICATIONS 

730 CoMonwood, Lincoln, NE 68510 

Add Si (Mi l.jr handling and shippfng 
tUr.iier ,tnd Of M Rft J ’ We/cOrm-i 




Hl-Q BALUIM 


*F#.r Alpol*» r yiltij lawftti 
Tan, davblflf Mi itM^! 





* Far full l«tal power J 
<Puti power in enlPnfie 
‘IrtaJben^fJ J-40Hhi. 

"Smelly llqhtj wflathvr-pr4«f 
*i;| Impedance ratio 
•fttplam tenter Inmteter 
Helps eliminate TVI 

'Fully Gueranteed S 

Van 

Gorden 
Engineering 

■ OX 1110], 0. 1UCLID, OHIO 441X1 




9.95 

rpo 

V.I.A. 
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introducing Kantronics'Field Day 

TRADEMARK' 


Morse Code/teletype reader and code speed display: 


Kantronics' Field Day Morse code/teletype 
reader and code-speed display reads code signals 
right off the air. its powerful microcomputer 
system picks out signals, computes their speed, 
and reads even sloppy copy up to 80 words 
per minute! 

1. Flys through the air 
with the greatest of ease. 


Day has the specifications that make it a truly great 
code reader. 

Modes: cw, rtty ana speed display, speed Range: 3-80 
WPM, RTTY Speeds: 60, 67, 75 and 100 Paudot. Code 
Display: io alphanumeric displays, special characters: as. 
ar, SK, 8T, /, ?, I,),", \ comma, period, colon, semicolon, 

■ understood," 1 attention," and error." Filtering: Active, 
750 hz center, 200 hz bandwidth, input impedance: 1,000 
ohms. Power Requirements: 117 vac, 20 watts. 
Dimensions: HWD 3.44" bv 8.S0 by 9.25". Warranty: 
limited, one year parts and labor price: S449.95 shipments 
after 3/1/79. 


Field Day is simple to use, you plug it into 
your station receiver just as you would a set of 
headphones. 

Code and teletype conversations are 
converted from dots and dashes to standard 
alphanumeric text. The text advances across 10 
Pig half-inch displays, and lap tests show that 
even the fastest Cw is easily readable. 

Field Day displays incoming or outgoing code 
speeds for you at the touch of a button. An 
accurate code speed-sampling program shows 
the speed right on the front panel. Everything is 
enclosed in a single, lightweight package that's 
small enough to fit In with the rest of 
your station. 

2. Pay a little, get a lot. 

In addition to a highly superior code-reading 
program and unique "on-board" speed display, Field 


3. C’mon, take a test drive. 

Check with these Authorzea Kantronics dealers for 
more information on the Field Day Morse 
Code/teletype reader and code-speed display: 
Associated Radio /Kansas city. Barry /New York, 
Blll's/carbondale, il, Brodie/Moore, Ok, 

Burghardt/ Watertown, so. Bursteln-Applebee/ Kansas 
city, cohoon /Trenton, KYana Austintown, oh, Fontana 
Electronics/Fontana, CA, H-E-P/Aurora, CO, 
Hirsch/Wiiiiamsville, ny, tong’s /Birmingham, 

Madison /Houston, MidCom st. Louis. Omar/ Durand, Mi, 
Omaha Radio Center/Omaha, Queen City /Cincinnati, 

Radio world /oriskany, NY. Spectronlcs /Oak Park, il, 

Tracy /Fort worth. 



KANTRONICS 

The Lightweight Champs. 

<913)842-7745 

1202 East 23rd Street 

Lawrence, Kansas 66044 


Our Smart Machine 

TRADEMARK 




MOVABLE SUPPORT ARM 

Tills to diMerent viewing angles 


SMART CODE-EDITOR. 


Copy sen! by sloppy lists <s edited before display 

Reads good code loo 1 


j 




ON-BOARD 
CODE DISPLAY. 


Mo need to tote around 
a TV sei to copy code 


COMPACT ENCLOSURE. 

In tncbes. FIELD DAY is only 
344 high by 8 50 wide by 9 25 deep J 


RTTY COPY 

Control lunchons to back 
tor copying all 
the standard boudol speeds 


SPEED DISPLAY 

Special program computes 
received and transmit 
code speeds 



y 



4 
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CRYSTAL FILTERS and DISCRIMINATORS 


9.0 MHz FILTERS 


XF9 A 
XF 9 0 
XF9-C 
XF9-D 
XF9-E 
XF9-M 
XF9NB 

9.0 MHz 

XF900 

XF901 

XF902 

XF903 

F05 

F06 


2.5 kHz SSB TX 

2.4 k Hz SSB RX/TX 

3.75 kHz AM 

5.0 kHz AM 

12.0 kHz NBFM 

0.5 kHz CW (4 pole) 

0.5 kHz CW (8 pole) 

CRYSTALS (Hc25/u) 

9000.0 kHz Carrier 

8998.5 kHz USB 

9001.5 kHz LSB 

8999.0 kHz BFO 

Hc25/u Socket Chassis 
Hc25/u Socket P.C. Board 


$41.65 

$56.50 

$60.75 

$60.75 

$60.75 

$42.50 

$75.30 

$4.85 

$4.85 

$4.85 

$4.85 

.50 

.50 


Export 

Inquiries 

Invited 

Shipping 
$1.50 
per filter 


VARACTOR TRIPLERS 


The low cost, easy way to operate on the 432 MHz and 1296 MHz bands. 
For OSCAR 7, mode B, drive the MMv432 family varactor tripler with 




band without reluning. 

NO power supply required for varactor triplers; efficiency approximately 50%. 
Three models available at 432, two at 12%. 


Model 

MMv432 

MMv432M 


Max Drive 


30 W 
50 W 


MMv432H 70 W 
MMv 1296 20 W 

MMvJ296H 35 W 


$69.95 

$89.95 

$135.95 

$99.95 

$129.95 


RECEIVE CONVERTERS 


MODELS FOR ALL BANDS 50 MHz 
THRU 1296 MHz. LOW NOISE OP¬ 
TIONS AT 432 MHz. 


STANDARD I F. 10M. I F. OPTIONS 6M 2M AVAILABLE 
POWER 12V D.C. Shipping $2 50 

MMcl44 N. F. 2.8 dB typ. $59.95 

MMc432 N. F. 3.8 dB typ. $69.95 

MMc438/ATV Ch2 or Ch3 IF $94.95 

MMc)?96 N. F. 8.5 dB typ. $89.95 

MMcl296/ATV $99.95 

ANTENNAS (FOB CONCORD, VIA UPS) 

144*148 MHz J-SLOTS 

8 OVER 8 HORIZONTAL POL. +12.3 dBd D8/2M 
8 BY 8 VERTICAL POL. D8/2M-VERT. 

8 +8 TWIST 8XY/2M $53.75 


$51.90 

$61.00 


420-450 MHz 
MULTIBEAMS 


48 EL. GAIN +15.7 dBd 70/MBM48 

88 EL. GAIN +18.5 dBd 70/MBM88 

UHF LOOP YAGIS 

26 LOOPS GAIN 4 20 dBi 

1250-1340 MHz 1296-LY 

1650 -1750 MHz 1 691-LY _ 

Send 30f (2 stamps) for full details of fCVG crystal products 
your VHF & UHF equipment requirements. 

Pre-Selector Filters Amplifiers SSB Transverters 

Varactor Triplers Crystal Fillers FM Transverters 

Decade Pre-Scalers Frequency Filters VHF Converters 

Antennas Oscillator Crystals UHF Converters 


$56.30 

$81.95 


$58.35 

$61^45 

and aff 

m 


Spectrum 
International, Inc. 
‘ost Office Box 1084 
, Mass. 01742, USA 


TUNE in with DAVIS 

FREQUENCY COUNTERS 


NOW ... for the FIRST TIME 

RECEIVE FREQUENCY ADAPTER 

ONLY 


7208 10 Hz to 600 MHz MINI COUNTER 

• Aii Metal Cabinet • 8 D'g»t 4 LED Readout 

• msv or i?v Operation • i & i Sec Gate Times 

• Automatic DP • Stable Crystal Timeoase ♦ t ppm 


7208 Kit ' 7208A Assembled 

Options Prop Crystal Oven (OCXOi* ♦ 1 ppm 10 to 50 C 
Ni-Caa Battery Buiit-m with charger 
Handle 

vhF uhF Preamp 
240V 

Receive frequency Adapter 


$199 95 

$39.95 
$39 95 
$5 00 
$ 10.00 
$10 00 
$49 95 


'OCXO achieve Superior frequency stability through the use 
of proportional control oven which maintain s the crystal at a 
stable temperature 


CALL FACTORY DIRECT 
1-716-874 5848 


TE RMS Add S3.00 »nipf>*ng to U.S A Canada Other coun- 
T'i»t «<tct 10 in totr pr.c» N Y State 'ti d«nti add 7% tales 
ta« C O D For $1 00 P O. accepted l»om rated compan»#». 


WHS ® 


DAVIS ELECTRONICS 

636 Sheridan Drive 
Tonawanda New York 14150 
(716) 874-5848 


WANTED FOR CASH 


490-T Ant. Tuning Unit 

(Also known as CU1658 
and CU1669) 


618-T Transceiver 

(Also known as MRC95, 
ARC94, ARC102, 
or VC 102) 


Highest price paid for these units. Parts purchas¬ 
ed I. Phone Ted, W2KUW collect. We will trade for 
new amateur gear. GRC106, ARC105, ARC112 and 
some aircraft units also required. 

25°A> 

We stand on our long term offer to payjAgmore 
than any other bonafide offer. 

DCO, INC. 

10 Schuyler Avenue No. Arlington, N.J. 07032 
(201) 998-4246 Evenings (201) 998-6475 
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INTERNATIONA) 


CRYSTALS & KITS/OSCILLATORS - RF MIXERS • RF AMPLIFIER ■ POWER AMPLIFIER 




OX OSCILLATOR 

Crystal controlled transistor type* 3 
to 20 MHz, OX-Lo. Cat. No. 035100. 

k* 20 tO 60 MHZ, OX-Hl, Cat, uvw 4 THAueieTAO bp mveri 
* EV^ N 0 035101 MXX-1 TRANSISTOR RF MIXER 

^ f, Sp eci fy wh en or den ng A $i ng Je t u ne d c i rc u i t i n te nde d 

; v v oo for signal conversion in the 30 to 

170 MHz range- Harmonics of the OX 
Wr or OF -1 oscillator are used for injec- 

^ tfon in the 60 to 179 MHz range. 3 to 20 

MHz, Lo Kit, Cat. No. 035105, 20 to 170 M jP 
MHz, Hi Kit, Cat. No. 035106. ML 1 

Specify when ordering 

OF -1 OSCILLATOR $5,80 ea. 

Resistor/capacitor circuit provides 
^ osc over a range of freq with 

k^^the desired crystal. 2 to 22 p , ¥ . Tn AN< 5 i<STnR 

LJik MHz. 0 F -1 LO, Cat. No. P AX '11" A N S1 3 T ° " ^ 

, 035106, 10 to 60 Rp POWEH AMP 

% MHz, OF -1 H , A single tuned output amplifier 

Cat. No. 035109. designed to follow the OX or OF -1 
Specify when ordering oscillator. Outputs up to 200 mw, JrMm 
r cd 40 . depending on frequency and vol- 

In Art A Art rt lifirtF Art A Krt 4 m A I ■ # ■ t J~t A 


SAX 1 TRANSISTOR RF AMP 

. A small signal amplifier to dnve 
the MXX-1 Mixer. Single 
ym tuned input and link out 
W put, 3 to 20 MHz. Lo Kit. 

/ Cat. No. 03512. 20 
' to 170 MHz. Hi Kit. 

Cat. No. 035103. 

Specify when ordering 

$5 80 ea* 


BAX-1 

BROADBAND AMP 

General purpose amplifier 
which may be used as a M 
tuned or untuned unit in RF ^MMk 
and audio applications, 20 Hz Jr 

to 150 MHz with 6 to 30 db 
gain. Gat. No. 035107, 

Specify when ordering. ^ 

$6,06 ea 


02% Calibration Tolerance 



EXPERIMENTER CRYSTALS 

{HC 6 /U Holder) 

Cat* No, Specifications 

031000 3 to 20 MHz — for use in OX OSC Lo 

Specify when ordering $6.25 ea, 

031081 20 to 60 MHz — For use in OX OSC Hi 

Specify wh en o rdenn g $6 .25 e a. 

031300 3 to 20 MHz — For use in OF- 1 L OSC 

Sp ecity wh en o rdehng $5 22 e a 

031310 20 to 60 MHz — For use in QF-1H OSC 

Specify when ordering $5.22 ea. 



Shipping and postage (inside U S., Canada and Mexico only) 
will be prepaid by International. Prices quoted for U S , 
Canada and Mexico orders only Orders for shipment lo other 
countries will be quoted on request Address orders to 

M/5 Dept,, P.O, Box 32497, 

Oklahoma City. Oklahoma 73132 



INTERNATIONAL CRYSTAL MFG. CO, INC 

10 Nonh Lee Oklahoma City OkLi /3102 
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Ham Radio's guide to help you find your local 


Arizona 


HAM SHACK 

4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 

Serving all amateurs from beginner 
to expert. Classes, sales & service. 

KRYDER ELECTRONICS 

5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 

Your Complete Amateur Radio Store. 

POWER COMMUNICATIONS 

6012 N. 27 AVE. 

PHOENIX, ARIZONA 85017 
602-242-6030 

Arizona’s #1 "Ham” Store. 
Kenwood, Yaesu, Drake, Icom 
and more. 


California 


c & A ELECTRONIC ENTERPRISES 

22010 S. WILMINGTON AVE. 

SUITE 105 
P. O. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 

Not The Biggest, But The Best — 
Since 1962. 

JUN'S ELECTRONICS 

11656 W. PICO BLVD. 

LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-282-8682 San Diego 
The Home of the One Year 
Warranty — Full Service. 

QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio 
Amateurs since 1933. 

SHAVER RADIO 

3550 LOCH1NVAR AVE. 

SANTA CLARA, CA 95051 
408-247-4220 

Atlas, Kenwood, Yaesu, KDK, 

Icom, Tempo, Wilson, Ten-Tec. 


Connecticut 


THOMAS COMMUNICATIONS 

95 KITTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-0811 

Call us toll free - See our full 
page ad in this issue. 


Delaware I 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 

Delaware's largest stock of amateur 
radio equipment & accessories. 


Florida 


AGL ELECTRONICS, INC. 

1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 


AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


RAY'S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 

Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 


Illinois 


AUREUS ELECTRONICS, INC. 

1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
"Amateur Excellence" 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:00-3:00 Sat. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 

OAK PARK, IL 60304 

312-848-6777 

One of America's Largest 

Amateur & SWL Stores. 


Indiana 


KRYDER ELECTRONICS 

GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 

FORT WAYNE, IN 46815 
219-484-4946 

Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 


Iowa 


BOB SMITH ELECTRONICS 

RFD #3, HIGHWAY 169 & 7 

FORT DODGE, IA 50501 

515-576-3886 

800-247-2476/1793 

Iowa: 800-362-2371 

For an EZ deal. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER, P. O. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5901 

America’s No. 1 Real Amateur 
Radio Store. Trade - Sell - Buy. 

REVCOM ELECTRONICS 

6247 N. HYDRAULIC 
WICHITA, KS 67219 
316-744-1083 

New - Used HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 


Maryland 


THE COMM CENTER, INC. 

9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 

R. L, Dirake, Ten-Tec, ICOM, Wilson, 
Tempo, DenTron, Mosley, Cushcraft. 


Massachusetts 


TEL-COM, INC. 

675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
617-486-3040 

The Ham Store of New England 
you can rely on. 

TUFTS RADIO ELECTRONICS 

209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 


D I YOU SHOULD BE HERE TOO! 

•LsGalGTSm Contact Ham Radio now for complete details. 
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Amateur Radio Dealer 


Michigan 


RSE HAM SHACK 

1207 W. 14 MILE 
CLAWSON, Ml 48017 
313-435-5660 

Complete Amateur Supplies. 


Minnesota 


PAL ELECTRONICS INC. 

3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 

Midwest's Fastest Growing Ham 
Store, Where Service Counts. 


Missouri 


HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. 

ST. LOUIS, MO 63132 
800-325-3636 

For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 


Nebraska 


COMMUNICATIONS CENTER, INC. 
443 NORTH 48TH ST. 

LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 

Nevada 

COMMUNICATIONS CENTER WEST 

1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 

Kenwood, Yaesu, Drake and more 
at discount prices. 

New Hampshire 

EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 

Icom, DenTron & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since “55’*. 


BARGAIN BROTHERS ELECTRONICS 

216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 

WEST TRENTON, NJ 06828 
609-883-2050 

A million parts - lowest prices 
anywhere. Call us! 


METUCHEN RADIO 

216 MAIN STREET 
METUCHEN, NJ 08840 
201-494-8350 

New and Used Ham Equipment 
WA2AET “T” Bruno 


RADIOS UNLIMITED 

P. O. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 

New Jersey's Fastest Growing 
Amateur Radio Center. 


New York 


AM-COM ELECTRONICS INC. 

RT. 5 

NORTH UTICA SHOPPING CTR, 
UTICA, NY 13502 
315-732-3656 

The Mohawk Valley's Newest & 
Largest Electronics Supermarket. 


GRAND CENTRAL RADIO 

124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 

Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 


HAM-BONE RADIO 

3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
315-446-2266 

We deal, we trade, all major brands! 
2-way service shop on premises! 


HARRISON RADIO CORP. 

20 SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 
“Ham Headquarters USA” 
since 1925. 

Call toll free 800-645-9187. 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

ORISKANY, NY 13424 
Toll Free 800-448-7914 
NY f 315-337-2622 
Res. I 315-337-0203 
New & Used Ham Equipment. 

See Warren K2IXN or Bob WA2MSH, 


Ohio 


AMATEUR RADIO 

SALES & SERVICE INC. 

2187 E, LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236 1625 
Antennas and Towers for 
All Services. 


Oklahoma 


KRYDER ELECTRONICS 

5826 N.W. 50TH 

MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 

Your Complete Amateur Radio Store 


Pennsylvania 


ELECTRONIC EXCHANGE 

136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 

Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 

HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357 1400 

Same Location for 30 Years. 

Call Toll Free 800-523-8998. 

LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 

SPECIALTY COMMUNICATIONS 

2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 
Authorized Atlas Radio 
East Coast Service Center. 


South Dakota 


BURGHARDT 

AMATEUR RADIO CENTER, INC. 

P. O. BOX 73 
WATERTOWN, SD 57201 
605-886-7314 
“America's Most Reliable 
Amateur Radio Dealer”. 


Texas 


HARDIN ELECTRONICS 

5635 E„ ROSEDALE 

FT. WORTH, TX 76112 

817-461-9761 

Your Full Line Authorized 

Yaesu Dealer. 
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SSTT-4 

IXTRA TUNER DELI T XC 






SPS1T 


iSjgss 


IXTRA Tl’XER DELUXE Mutches any antenna- 
coax fed <»r rundom wire on all bunds (160-10 
meters). Tunc out the SWR on your untenna for 
more efficient operation of any rig. Home, mobile, 
portable —only 9" x2 Vz " xo " • 300 watt RF 

output capability • SWR meter with 2-color 
scale • Antenna Switch selects between two 
coax fed antennas, random wire, or tuner bypass • 
Efficient Airwonnd inductor * 208 pf. 1000V. 
Capacitors • Attractive bronze finished enclosure. 

only $64.95 


SST T-a ULTRA TI XER 

Tunes out SWR on 
unv antenna —coax 
fed or random wire 
(160-10 meters). 

Any rig—up to 200 
watts RF output. 

Rugged, vet com¬ 
pact: a 1 /*" x 2 V*" 

x 2 '/ a ". only 837.95 


SSTT-3 MOBILE 
IMPEDANCE 
TRANSFORMER 

Mutches o2 ohm 
coax to the lower 
impedance of a 
mobile whip. Taps 
between 3 and 50 
ohms. 3-30 MHz. 

300 watts output. _ _j _ . 

2 y,-x 2 -xa'/.-. onlv$19.95 




SST T-l RANDOM WIRE 
ANTENNA TUNER 


All bunds (160-10 
m.) with any wire • 
200W output • 

Anv transceiver • 
Home or portable 
• Neon tune-up 
indicator. 


0 # 

|l afcfw jj 

i & 


only $29.9S 


SSTDL-l K4RU DUMMY LOAD. 1000W PEP 
1.5.1 1-22x5 MHz. Sealed. 3-1 /8"x4-3/8”. 


only 317.95 


SST 0-1 «« HR- CLOCK- Oiunt red LED 
numerals. Month and day also ut push of button. 
Beautiful forvourdesk. 110VAC. 


only #29.95 


SSTB-I BALI A’ for balanced lines. 300W. 


only #5.00 


Cull (313) 376-3337 to order C.O.D.. VISA, 
or blunter Charge. 


T«» Ordert 

Send a cheek or money order —or use your M.C. or 
VISA. Arid X3 shipping und bundling. Calif, resi¬ 
dents, add sulcs tax. 


Guarantee: All SST products are uncondition¬ 
ally guaranteed for f year. In addition, they tuay 
be returned within 10 days for u full refund (less 
shipping) If you arc not satisfied for uny reason. 


COAXPROBE® 


ONLY 

$ 9.95 



COAXIAL RF PROBE FOR 
FREQUENCY COUNTERS 
AND OSCILLOSCOPES 


’MONITOR YOUR SIGNAL DIRECTLY 
FROM THE COAX LINE 
’5-2000 WATTS PEP 
’OUTPUT: .31v-1.8v RMS MOO WATTS 
’INSERTION LOSS LESS THAN 
.2db (3-30 Mhz.) 

’USEFUL RANGE: .5 to 150 Mhz. 

Eliminate jerry-rigging when you need to 
monitor your signal. The CoaxProbe® 
will work on both frequency counters and 
oscilloscopes (of proper bandwidth). 
Just connect the probe into your coax line 
and hook up your test equipment. 
Because of its low loss, you can leave 
it in while you operate! 


LYTL-LOAD® 



P.O.BOX 1 LAWNDALE. CALIF. 
90260 (213) 376-5807 


30 WATT DUMMY LOAD 
FOR QRP AND 2-METERS 


Now! A dummy load that’s just the 
right size for low power work. Rated 
at 30 watts for 30 seconds, the Lytl- 
load® is perfect for Qrp work, 
2-meters or any application where 
low power and small size are re¬ 
quired. The Lytl-load® has a range 
to 150 Mhz with SWR of 1.4:1 at 150 
Mhz and 1.1:1 at 30 Mhz. 


AJJ Eagle products carry a 10 day. 
money back (minus shipping) guar¬ 
antee. Please add SI per order for ship¬ 
ping. 


ORDER TODAY FROM: 

EAGLE ELECTRONICS 

Box 426 B 
Portage, Ml 49081 

LOCATED AT M7S W. MILHAM ROAD 


SYNTHESIZERS 


We have the worlds largest selec¬ 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 1/3 page 
ad in the April 1976 issue of this 
magazine or call or write for addi¬ 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 

196-23 JAMAICA AVENUE 
HOLLIS, N. Y. 11423 


VOICEBAND 




EQUALIZER 

1*4141 






vbe 

" ? $RQ95 

UWppd 

clean crisp audio 

Xmit audio passband 
equalizer — gives punch 
without distortion — best 
on dx, yl’s, problem voices — 
lo mid, hi, ranges adj ± 12dB — 
made in USA — performance guaran¬ 
teed specify rig, mike plug or universal 

P.0. Box 144, Hannacroix, N. Y. 12087 

The Electronic Farm 


MOVING? 

KEEP HAM RADIO COMING .. 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below. 

Then complete your new address (or any 
other corrections) in the space provided 
and we'll take care of the rest. 

Allow 4-6 weeks for 

"„**"r* correction. 
Magazine 

Greenville, NH 03048 

Thanks for helping us to serve you better. 
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800-243 


* Monthly Computerized Used Equipment List 

* Courteous* Personalized Service 


i/jfa 


masier chaige 


or Write 

for your 
super quote 
v today! J 


COMMUNICATIONS 


95 Kitts Lane, Newington, Conn. 06111 

“Near AHRL Headquarters ’’ 

Connecticut Residents Call: 203-667-0811 


ATLAS KX no 


YAf.MJ M JOID 


IC’OM It 701 


New Equipment — All m% t-quipmiuil un 
display is uperpting lor actual “tin ihr* ,iif" 
QSO's We really kntiw uur gcarl 


YAESLJ I I 7U 


YALSU 17 inlZP 


CLISHCRAI I ANTENNAS 


TEN I K uMM \) 


AUTHORIZED DEALER ... 

FOR OVER 50 MAJOR LINES . 

NEW AND USED EQUIPMENT "Gfl on our used equipment mailing list.” 

TRADES WELCOME “The best allowances anywhere” 

“We buy good used SSB gear” 

OUR EVERYDAY LOW PRICES "remoiri ihf same for cash or trade-ins!” 
SAME DAY U.P.S. SHIPPING ”Just a phone call away” 

COMPLETE RADIO SERVICE SHOP ", Mail Order Repair Service ” 

* Fast Efficient Service • Most Repair* Done and Shipped Within 7 Days 

* We Repair All Brands * Amateur Extra /First Class Licenses 

* All Work Guaranteed * Free Shipping Both Ways If WoTk Is Done 

* Send Us Your Defective Equipment U.P.S. Colled 

OUR FINE REPUTATION SPEAKS FOR ITSELF . ■ . 

"YOU SHIP IT - WE FIX IT 


Lived Equipment — We recondition and 
guarantee all our u*vd equipment. Wt- m<tke 
iiif f 11 sm idle* vuuT 


Service Shop — You'vr probably lirafiJ of out 
Dnp unvkf r^pnraiirun — tiling Cushman! I 4R 
signal gen t*r«i tors. Hewlett Potkiird u*eillu- 
scopes, Bird wattmeter*. - we fix 11 riqlit! 


OPLN MON.-FR1. 10-6 * THURS. 10.8 P.M. • SAT. 10-4 

I ASY DIRECTIONS: Kt 15 Smith - 2 block* jmM MIcDuimW. (Berlin I'uinpiM 


“IVe can match most 
any other quote!" 


Inventory Warehouse — Our large volume 
Assure v‘ j 11 the best prices! 


More Details? CHECK — OFF Page 110 
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ft pol e Sfifi hj? filter for signal, ome transceivers imoo 




Finally! Superior 8-Pole CW Selectivity for 
DrakeTR 4 P TR4C,TR 4Cw 

JW Jl 4 >Ki *H f! (hU> ti ll tHlU M r+ to'Mlri H-*- tw ■ l.W«. ■*■ 

HA4b^i>c> % ^jlli Md hem. «„i ^not Hj .1 Uhlti C l iWl* tUWin 

Md nvkjHPiA* 4.1 t ID Dtl 

At Last? Superior 8 Pole CW Selectivity for 
Kenwood TS-82G 

WNiWAi LtiM Ill I UOUU ilUAL Tu*.l 3 i»l rtO Hr ti Mb. ISO H# «< OMb 
Cmll OHM mcnw mn iO#tC *t*'i C» **nJi >■ *j 00 m *L U) 

Kd 1100 N, .1 fiO .TE- t* JE*J T? J l«? ou 

600 Hz 6 Pole First-1 F Filter for Drake R4C 


|fUh. ( 1 » ’hf n EI ,. rr*’«ri i‘ddi 'IIKFI I. r d-i Wnl 

Ml 4 UIM) IM hnKMUl WIW4 If li'l. I"* |h)N( fl-l 1iri«i *.**'4» 

1 h 4 ri.'.nd -*urrr iawH 'I MllW 1 I'jAjJMiil*'' **«1 Jr—f-di I iMM: - fl-DI* PH. »■ «r'«m >Ml»' HUir 

Cl -ftBi) *'■ (Jd' |1 nuum «4 W llip ipc«li» nil milt'Mrt lir '+ 1 »r IdiiMirl '1 rM 

CWHi* tnA<M ini*, ... fw «J 

125 Hz 8-Pole Second-IF Filter for Drake R-4C 

£idli tlwiwti Mdltfilil JUUHj mi - UHM iw fB*«,N hm.1 -hj" ’m *■■*■ 

np*wMrt mj timVHprti &*•* Un Oe Uo *« hH * C 14 <* Ih ** 1 

fill*-, J*-wW ■»«-. IMITf (fl. ACTC loop Ufll'l* B-ili ■Mtl'O rvrdiiir ^ih'fl*il -■ «-rI ■ *■ I l>i 

fiHV -J.rtll* Tvt Kl'l, w Tth m - l'h *4 ,□ 1 n|«iW Wiwi |l»dhlhC"-JF '* 

ilirfevir mn li'iw mil*, (4 (i» M If C* 


&*lY Operators) 

JOtte 

*Ikese crystal JiUcrs 
are Jar you) 

All filters contain 

specially “treated high-Q crystals. 

Sh€rwood Engineering hie. 

1266 South Ogden St. 

Denver, Colo. 80210 

1.303 i 722-2257 __ 

Money back II not satisfied 

Adu $3 per Wt tor shipping; 

Sti uvrrmt «u 

Dealer InQLiiries Welcome 


RADIO AMATEUR 

CALLBOOKS F0R 

I i --1979 


> I j W| ff>n * Jt s#<cfr d' 

I I rhe or% compfele authority 

f III ^ fOQ’ir 

j / / / Jfkl QlH mlQtmat'Ofl 

f ! 1 -■ 

Tlie LL S. Callbook has nearly 
350.000 W & K fistmgs. It lists 
calls, license classes, names 
and addresses plus the many 
valuable backup charts and 
references you come to expect 
from the Callbook* 

Specialize in DX? Then you’re 
looking for the Foreign Callbook 
with almost 285,000 calls, 
names and addresses of ama« 
teurs outside of the USA. 

U*S, Callbook 515*95 
Foreign Callbook $14.95 

(Pius Shipping} 


Order from your favorite electron* 
Ice dealer or direct from the pub¬ 
lisher. All direct orders add Si.75 for 
shipping. Illinois residents add 5% 
Sales Tax* 


JUOIO AMATEUR 

Dept. 


lib 


Dept i 925 Sherwood Drive 
L site Staff. Ill 60044 


DX OPERATORS 


CUSTOM CALCULATED, PERSONAL¬ 
IZED BEAM HEADING AND DISTANCE 
CHART TO OVER 330 FOREIGN CAU 
AREAS AND COUNTRIES BASED ON YOUR EXACT 
QTH UP TO DATE FOR 1979 SEND CALL SIGN AND 
£5 95 TO WJLLCOMP INC., P.0 BOX 96 SOUTH 
SALEM N, Y 10590 N Y RESIDENTS ADO 5% 
SALES TAX 


TOUCH-TONE®DECODER MODULE 


* Excellent building 
block for amateur 
control systems 

* Hybrid active filters 
throughout. No PLL's! 

■ 40db dynamic range 
No gain adj. necessary 

* Min. 20 db twist 

allowable 

ONLY 

$179.95 post paid 

CA Res Add 6% Sales Tax 


MODEL DTMF-8 
4.5" x 6.5 r * 

% . 


Std AT&T tones 

Decodes all 8 
touch-tone frequencies 

8 open collector 
outputs supplied to 
interface with any 
logic system 

10 K Ohm transformer 
isolated input stage 

11 -15 VDC operation 

Cali or write 
for detailed 
specification sheet 


8131 FOOTHILL BLVD., CUCAMONGA, CA 91730 *714/981-3473 


BUI LD-IT-YOURSELF 
AVIONICS FOR 
HAM PILOTS 


\ 


I Free catalogue describes high tech - 11 
f oology, low cost avionics and test ij 
equipment offered in kit form Product ! 
j line includes audio panel , aircraft band I 
r two-channel transceiver, digital chro- ■ 
P nometer, navigation and communi- * 
a cations test equipment , bench power j 
; supply, and more. Shoot us the coupon . 
[ for details \ 

Name, ___ jj 

Address __.- 

|j Oty^ _Sid re_ Zip — ^ 

1 , 7 ( r4U Radio Systems 
\ 2 / Technology, Inc. 

^ RR 5, GRASS VALLEY, CA 95945 


ALL BAND TRAP ANTENNAS! 




PRCTUNEO - COMPLCTLY ASSEMBLED ■ \A/ FOR ALL MAKES A MODELS °* 1.^ R 

ONLY ONE NEAT SMALL ANTENNA FOR y TR ~ E \\b 

UP TO 6 BANDS! EXCELLENT FOR CON- //) GUARANTEED FOR 2000 WATTS S5B 
NESTED HOUSING AREAS - APARTMENTS (r lOOO WATTS CW FOR NOVICE A NO ALL 
UGHT - STRONG * ALMOST INVISIBLE *■ ^ CLASS AMATEURSl 

COMPLETE AS SHOWN with 90 ft. RG50U-52 ohm tccdUne. *nd PL2S9 connect. Stumor*. 30 ft 
300 fc i€it end luppoftA, t»m»r connsctor with built in Rghning *ff«tor »mt »L*nc dtn h«rgr 

fnaWffd, **iUd, wiith^^nwoLfeionim trapt rX6"*ro« )»t *witeh tfl &«nd d»v.d for tjtcellant woridwtd. 
Dpwitkin * trmimlttlng recutlnjl WT. LESS THAN 5 LBS 

100-00-A0*20-1 !HO btftdi 2 with 90 ti RGSSU - connector - Modd TT7BU . . .S59.95 

00-40- 20-10- 10 bind* 2 trap — m2 It* with 90 It- RGSOU - connector - Modoi 998BU *34.95 

40-20-10-lO hirtdi 2 trap — 04ft with 90 ft, RG5BU ton - connector * Modal lOQlBU *53 OS 
20-15-10 band* 2 u*p *** 26 ft. with 90 ft RGSSU cna* - connactor - Modoi I0G7BU .... *52 03 

SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA CCiflid* 4 *3.00 »ttr* for pbiliQ* - 
clerical tuitomi * atc l or &rd*r u&mg VISA B«ni Am*fkwd - MASTER CHARGE * AMER EX¬ 
PRESS. Give number ind «k. date, ph 1-006-236-3333 9AM - 6PM wi*fc d*v» W* *h*p m 2-3 dayi. 
PRICES MAT INCREASE SO - ORDER NOW AND SAVE I Ad imennn gu*rani«ed for 1 remt Monny 
uek trial I Mad* In USA FREE INFO. AVAILABLE ONLY FROM. 


WESTERN ELECTRONICS 


Dept. AR- 6 


Kearney. Nebraska, 6BB4T 


Duns *01-046-6066 

Cash plus shipping paid for clean fate 
model Motorola GE RCA mobiles 
Base Stations Accessories we also 
sell used and reconditioned equrpmenl 
For further information contact 
Jesse La Fteur 

The Communications Center 
1629 Wyoming 
El Paso, Texas 79902 
(915) 545-1133 

Call for cs#h Quoialiori 1 $ y**rs or lair dtaiinq 






























YOU ASKED FOR IT 

YOU GOT IT 


DSI QUIK-KIT® 

50 HZ — 550 MHZ COUNTER KIT 

95% ASSEMBLED 100% TESTED 
Performance You Can Count On 


FREQUENCY COUNTER APPLICATION: 

’ Ham Radio — Two Way Radio — CB 
> Audio Amplifier A Receiver Repair 
■ Computer Maintenance & Construction 
A Must for TV — PLL A VTR Repair 


$9095 

MODEL 3550K 


includes built-in 
Pre-Amp & Prescaler 


os/ 


3550 550MHz Frequency Court !*r 


± i i~ ) J C J —> O 


DSI OFFERS THE BEST OF TWO WORLDS .. . 

\n unprecedented DSI VALUE... in a high quality, LSI Design, 
50 HZ to 550 MHZ frequency counter kit. And, because it’s 
3 DSI innovation, you know it obsoletes all competitive 
■nakes, both in price & performance. 

With 95% of the assembly completed by DSI, you are only 
ane hour away from solving all of those difficult bench 
problems, from adjusting 60 HZ clock-time bases to setting 
he frequency of a 468 MHZ Mobile Radio. 

(800-854-2049) (800-542-6253) 




Every 3550 QUIK-KIT® PC board is 
factory assembled and tested before shipment. 

The problems of bad LED's, IC’s, and 
Capacitors are a thing of the past. No 

manufacturer except DSI offers a 550 MHZ 
frequency counter with... 8 digits, .5 in. LED's, 
TCXO, 1 HZ resolution and a one year warranty 
on parts for under $100.00. We do not 

know how long we can hold this low, low price. 


Model 

Price 

Frequency 

Range 

Accuracy 

Over 

Tamgwttuf* 

140MHz 

220MH* 

450MHz 

Number 

o! 

Readout ■ 

Size 

ol 

Readouts 

F our at 

Requirements 

Silt 

3700 

$269.95 

50Hz - 700MHr 

Proportional Oven 

2 PPM 0“ - 40° C 

1QMV 

10MV 

50MV 

6 

5 Inch 

115 VAC or 
8.2- 14.5VDC 

3"H x 8"W x 6 M D 

3G00A 

$199 95 

50Hz * 600MHz 

Ovan 

5 PPM 17* - 37* C 

10MV 

tOMV 

50MV 

a 

.5 Inch 

115 VAC or 

8 2 - 14 5VOC 

2VH x a ’W x 5*D 

355DW 

$149.95 

50Hz - 550MHZ 

TCXO 

25MV 

25MV 

75MV 

8 

.5 Inch 

115 VAC or 

2VH x A W x S'O 

3550K 

$ 99 95 

1 PPM 65° - 85* F 

B,2 - 14.5VOC 


I HZ Resolution to 55 MHZ ■ 10 HZ Resolution to 55 0 MH Z * 1 and 1 Sec. Gate Time • Auto Zero Blanking 


550K Kit .$99.95 

-101 Ant.. 3.95 

C-9 AC Adp. 7.95 

hipping, Handling, Ins. 10.00 




DSI INSTRUMENTS, INC. 

7924 Ron son Road, Dept. G 
San Diego, California 92111 


3550W Wired. $149.95 

T-101 (incl.). NC 

AC-9 (incl.) . NC 

Shipping (incl.).NC 


EFIMS; MC — VISA — AE — Check — M.Q, — COD m U.S, Fundi. Orders outside ot USA and Canada, please add $20 00 additional to cover air shipment. California residents add 6% Sates Tax 

























Adversers V 

check-off 


... for literature, in a hurry — we'll 
rush your name to the companies 
whose names you “check-off” 

Place your check mark in the space A>etween 
name and number. Ex: Ham Radio _y__ 234 


INDEX 


AED_710 

Abletronics_770 

Aluma_589 

Astron_734 

Avanti_775 

B&K_779 

Barry * 

Bauman _017 

Budwig_233 

Cal Crystal__ 709 

Communications 
Center _____ 534 

Comm. Spec._330 

Creative Elec. __ 751 

Crystal Banking_573 

Curtis Electro__034 

Cushcraft * 

DCO_324 

DSI_656 

DX Eng. ___ 222 

Dames Comm._551 

Data Signal __270 

Davis Elec. __ 332 

Dynamic Elec. __041 

Eagle * 

E.T.O. * 

Electrocom_663 

Electronic Farm * 

Elec. Research Virginia * 

Fox Tango_657 

G & C Comm.__ 754 

GL Enterprises * 

GLB_552 

Gray_055 

Gregory * 

Group III_701 

Gull_635 

Hal * 

Hal-Tronix_254 

H. R. Magazine __ 150 

Heath_060 

Henry_062 

Hermes . 772 

Hy-Gain_064 

Icom * 

Int. Crystal_066 

Jameco_333 

Jan_067 


Jones_626 

Kantronics * 

Kenwood * 

Larsen .. 078 

Long's_468 

MFJ _082 

M&M RF Dist._577 

Madison * 

Microwave Filter_637 

J. W. Miller_745 

Oak Hill Acad. A.R.S. * 

P C. Elec. _766 

Palomar Eng. * 

Pipo _ 481 

Callbook 100 

Radio Sys Tech. __422 

Radio World * 

Ramsey_442 

SST _ 375 
Howard W. Sams * 

Schober Organ_762 

Sherwood_435 

Space_107 

Spectronics_191 

Spec. Int. 108 

Swan_111 

TPL__ 240 

Telesensory _____ 778 

Telrex_377 

Ten-Tec * 

Texas RF Distr._763 

The Communication 
Center # 

Thomas Comm. _730 

Tower Master_776 

Tri-Ex ___ 116 

Van Gorden ___737 

Vanguard Labs 716 

Varian ._043 

Webster 

Assoc. _423 

Western * 

Whitehouse * 

Willcomp_764 

Wilson_123 

Xitex_741 

Yaesu_127 


’Please contact this advertiser directly. 

Limit 15 inquiries per request. 


June, 1979 

Please use before July 31, 1979 

Tear off and mail to 

HAM RADIO MAGAZINE - "check off" 
Greenville. N. H. 03048 

NAME. 

CALL. 

STREET . 

CITY. 

STATE.ZIP. 
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SUMMER SPECIALS 


Cush Craft '‘boomer”.$ 79.95 

KLM 144-148-13 lb.59.95 

OMNI-J & heavy duty magnet mount 

complete.49.95 

TRIEX W-51 FT self-support tower (Reg 
$891) Your cost (FOB California)... 791.00 

Tonna F9FT Antennas 144/16 el.79.95 

RIW 432/19 el.59.95 

Klitzing VHF-UHF Amplifiers 

2M 10W in - 100W Out.179.00 

432 10W in - 50W Out.189.00 

Bird 43 and slugs, UPS paid in USA ... stock 

Microwave Modules 432-28S .329.95 

Deluxe Amp. 432-100W output .... 398.00 

Telrex TB5EM, in stock.415.00 

New Palomar Engr. Trans. Preamp ... 89.50 
Bencher Paddles — $39.95 Chrome ... 49.95 

ETO 76 Amplifiers.stock 

Lunar 6M-2M-220 In Line Preamps .... 49.95 
Lunar 2M Amp 10-80 w/Preamp. 

UPS paid USA.198.00 

Janel QSA-5.41.95 

CDE Ham-3 — $129.95; Ham X — $209.95 

NEW Ham-4.157.50 

VHF Engrs blue line amps .stock 

VHF Kits.stock 

Cetron 572B. 29.50 


Midland 13-509 220 MHZ - 12 ch • 10W 159.00 


13-513 220 MHZ synthesized 

20-10-2 W.389 00 

Motorola HEP 170.0.29 

Mallory 2.5A/1000 PIV Epoxy Diode_0.19 

Non Linear Systems Miniscope - 15 .. 318.00 

Miniscope • 215.435 00 

— 10%. accessories available 

Aerovox 1000PF/500V Feed thru.1.95 

GE6146B or 8950.7.95 

Technical Books; Ameco. ARRL. Sams, Tab. 
Rider Radio Pub.. Callbook. Cowan, 

etc.Call 

NEW Belden 9405 (2#16)(6#18) 8 wire rotor 
cable, heavy duty for long runs 
8448 std. 8 wire rotor, per ft. 

9888 double shield RG8 Foam, per ft. 

8214 RG8 Foam. . 

8237 RG8. 

8267 RG213. 


Amphenol Silver Plate PL259 .0 59 

Times v»" Foam Hardline $0 65/ft — 

Connectors, ea.15 00 

7/8” Hardline $1.50/ft. - 

Connectors, ea .25.00 

Berktek RG8X, 52 ohm, KW, per ft 0 16 
Consolidated HD-18 Ga. Galv Tower. 

10' section. 29 95 

Robot Slow Scan” Now in Stock Call 

Alliance HD73 Rotor .... 109 95 

Teletow'r-self support- 

55 ft/w breakover.499 00 

40 ft/w breakover. 349 00 

Swan TB4ha. TB3ha. TB2 •.20% off list 

Collins replacement parts available 


Looking tor antique parts 9 
Write specific need to W5GJ 

THIS MONTH’S SPECIALS: 

Icom IC280 — $359.00 
Dentron GLA 1000 Amp. $319.00 
Bearcat 250 — $299.00 
Dentron Clipperton L — $499.00 

MASTERCHARGE • VISA 

All prices fob Houston except where indicated 
Prices subject to change without notice, all items 
guaranteed Some items subject prior sale Send 
letterhead for Dealer price list Texas residents add 
6% tax Please add postage estimate $1 00 
minimum 

MADISON 

ELECTRONICS SUPPLY, INC. 

1508 McKINNEY 
HOUSTON, TEXAS 77002 
713/6580268 
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KENWOOD TS-180S HF transceiver 

With Digital Frequency Control with 4 memories & manual 
scanning, all solid state. 20OW PEP SSB I60W DC, 160- IQ meters 
WWV adaptable lo 3 proposed bands, microprocessor, (F shift 
noise blanker. RF AGC. Dual RIT (VFO & memorydixj. SSB CW £ 
FSK. 13 8 VDC operation 

To Be Announced 


KENWOOD TS-120S HF transceiver 

No lune up' With digital display. cOOfsng tan IF shift protection tor 
the final transistor VOX, noise blanker 25 KHz marker, 80 10 
meters WWV modes SSB and CW, 20GW PEP SSB power re 
quirements R.O 7A 13 8 VDC T 18A138VDC Size 3 'Hx9'* W 
x 13VL 

699.95 Call tor quote 



KENWOOD 
AT-120 antenna tuner 


3 5 Ihru 29 7 MHz, inpul impedance 50 
ohms, oulput impedance 20-300 ohms 
unbalanced (coax fed}, max power 
I50W tuning range t 0 t-tO 1 50239 
connectors. SWR meter, insertion loss 
less than 0 5 dB al optimum match 

99-95 Call today 



KENWOOD 

PS-30 


power 
supply 

Designed lo match the TS-120S, 
supplies regulated 13 8 VDC at 15A 
continuous. ?QA intermittent load with 
complete ease and safely due lo 
generous heat sinks and auto reset 
electronic overload trip 

139,00 Call tor quote 



Allows (he operator lo work split fre¬ 
quencies |jnd a clear frequency while 
holding the original one. It has the new 
T-F set switch to prevent mis-ope rail on 
i n double split freq operation and aids in 
quick setting of iransmil freq 

159.95 Call for quote 




V 

Matching speaker for the TS-120S 
designed for homeslahon use A low dis¬ 
tortion speaker unit provides clear repro¬ 
duction ot the TS-120s high qualil y auto 

39.00 Can today 


KENWOOD 

MC-45 


tone mic 

Dynamic mic with very good frequency 
response, omnidirectional. 500 ohm 
impedance. adjustable tone out pul 
level, power requirement BVDC, 20 
mA Complete with coiled cord and 5 
pin mic connector 

49-00 Call today 


VtSA 


Longs Electronics 


MAIL ORDERS PG BOX 11347 BIRMINGHAM, AL 35202 * STREET ADDRESS 280H 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 

Remember, you can call TOLL FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in Ala¬ 
bama for our low price quote. Store hours: 9:00 AM til 5:30 PM. Monday thru Friday. 
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HIGH-PERFORMANCE HF TRANSCEIVER 


Today’s technology, backed by a proud tradition, is yours to enjoy in the 
aIFnew FT-101 ZD transceiver from YAESU. A host of new features are teamed 
with the FT-101 heritage to bring you a top-dollar value. See your dealer today 
for a “hands on” demonstration of the performance-packed FT-101 ZD- 


ecast front panal. plus heavy 
ity case -—^ 


Digital plus analog frequency 
readout. Digital display resolu¬ 
tion to 100 Hi 


uMMn E fully adjustable, VOX 
rcurtry -- 


Rugged 6146B final amplifier 
tubes with HF negative feed¬ 
back 


jiit-m RF speech processor 
r more “ talk power when you 

«d II ___ 


RF and AF gam controls located 
pn concentric shafts for 
operator convenience 


Full band coverage: IfiO through 
10 meters, plus WWV/JJV 
(receive only) 


jltt-in, threshold adjustable 
>tse blanker - 


pupped fpr SSB and CW ” 
neration. Choice of wide or 
irrow bandwidth for CW (with 
itionai CW ftiter insiailed) 


TX. RX, or transceive frequency 
off set from main dial frequency 


For WARAC 
Fie* i tnl ity 


Select switches tor use with 
FV-901DM synlhestied scan¬ 
ning VFO (option). FV-901 DM 
provides scanners plus 40 fre¬ 
quency memory bank. 


Continuously variable IF band 
width 300 Hi to 2.4 KHz - 


SPECIFICATIONS 

GENERAL 

Frequency Coverage: 

Amateur bands from 1.8-29 9 MHz, plus 
VWVV/JJY (receive only) 

Operating Modes; 

LSB, USB. CW 
Power Requirements: 

TOO/110/117/200/220/234 volts AC. 

50/60 Hz: 13 5 volts DC (with optional DC DC 
converter) 

Pwver Consumption: 

AC 117V 75 VA receive (65 VA HEATER OFF) 
285 VA transmit; DC 13.5V 5 5 amps receive 
(11 amps HEATER OFF), 21 amps transmil 

Size: 

345 (W) X157 (H) x 326 (D) mm 

Weight: 

Approximately 15 kg 

COMPATIBLE WITH 
FT-901DM ACCESSORIES 


TRANSMITTER 

PA input Power: 

180 watts DC 
Carrier Suppression: 

Better than 40 dB 

Unwanted Sideband Suppression; 

Better than 40 dB @ 1000 Hz r 14 MHz 
Spurious Radiation: 

Better lhan 40 dB below rated output 
Third Order Distortion Products: 

Better than -31 dB 
Transmitter Frequency Response: 
300-2700 Hz (-6 dB) 

Stability: 

Less than 300 Hz in first 30 minutes after 10 
mm warmup, less than 100 Hz after 30 mrnutes 
over any 30 mm. period 

Negative Feedback: 6 dB (o? 14 MHz 
Antenna Output Impedance: 

50-75 ohms, unbalanced 


RECEIVER 

Sensitivity: 

0.25 uV for 3/N 10 dB 

Selectivity: 

2 4 KHz at 6 dB down, 4.0 KHz at 60 dB down 
(1.66 shape factor). Continuously variable be¬ 
tween 300 and 2400 Hz ( 6 dB); CW (with 
optional CW filter installed) 600 Hz at 6 dB 
dcM n. t 2 K Hz at 60 dB down (2 1 shape factor) 
Image Rejection: 

Better than 60 dB (160 ■ 15 meters). Better than 
50 dB (10 meters) 

IF Rejection: 

Better than 70 dB (160, 80, 20*10 m). Better 
than 60 dB (40 m) 

Audio Output Impedance: 

4-16 ohms 

Audio Output Power; 

3 watts @10% THD (into 4 ohms) 


Pnce And SpKio I j cations Subjecl To 
CharKjo Without Notice Or Obliyaliufi 


YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 • (213) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr., 9812 Prince ton-Glendale Rd., Cincinnati, OH 45246 





























From transistor to 25kW 
is one easy step 

with EIMAC. I > 


EIMAC high-gain tetrode and cavity 
combination for FM and TV. 

The new EIMAC 8990 and companion CV-2200 
cavity amplifier arc expressly intended for single-tube 
25 kW FM and TV service. This tough tetrode 
exhibits a power gain over 20 dB and has a rated 
anode dissipation of 20 kW* It’s also ideally 
suited to VHF-TV linear service, thanks to 
the new low-loss internal structure, 

KIM AC's 8989 is a similar tetrode, 
rated for 10 or 15 kW FM service in the 
CV 2210 cavity. The 8989 is suitable 
for IF-TV service as well. 




ror complete in 

Get a copy of E 
Reference Catalog am 
the 8989 and 8990 fn 
EIMAC Division, 301 
Way, San Carlos, Cali 
94070, Telephone (41. 
592-1221, Or contact 
any of the more than 
Varian Electron Dev it 
Group Sales Offices 
throughout the world 

For more in ton 
tion on Variant CTC 
Transistor! 
operating 
in the 88 
to 108 MHz range, 
contact Varian, CTC 
Division, Telephone 
(415)592-9390, * 
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